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Hudson River PCBs Site Reassessment RI/FS
Baseline M odeling Report
Peer Review 3

Chargefor Peer Review 3

Thisisthe third in a series of four peer reviews being conducted on scientific work products
prepared for the Reassessment Remedia Investigation and Feasibility Study (Reassessment) for
the Hudson River PCBs site. Previous peer reviews were conducted on the modeling approach
and the Data Evaluation and Interpretation Report and Low Resolution Sediment Coring Report.
Subsequent to this peer review the Human Health and Ecological Risk Assessments will be peer
reviewed.

Members of this peer review are asked to determine whether the baseline modeling effort
presented in the Revised Baseline Modeling Report (Revised BMR) is credible and whether the
conclusions of the Revised BMR arevalid. The reviewers are asked to determine whether the
modeling work is technically adequate, competently performed, properly documented, satisfies
established quality requirements, and yields scientifically credible conclusions. The peer reviewers
are not being asked whether they would have conducted the work in a similar manner. In
addition, the reviewers are asked to determine whether the models and the associated findings are
appropriate to help answer the following three principal study questions that EPA will consider in
its decision-making process for the site:

1. When will PCB levelsin fish meet human health and ecological risk criteria under
continued No Action? @

2. Can remedies other than No Action significantly shorten the time required to achieve
acceptable risk levels? @

3. Could aflood scour sediments, exposing and redistributing buried contamination?

@) Appropriate levels to meet human health and ecological risk criteria will be evaluated in the upcoming
Feasibility Study.

@ The Revised BMR represents a baseline modeling effort, and therefore does not include an evaluation
of potential remedial scenarios. The modeling work presented in the Revised BMR will be used to
develop potential remedial options in the Feasibility Study for the Reassessment.



The following documents will be provided to the peer reviewers:

Primar
Revised Baseline Modeling Report (Jan. 2000)
Responsiveness Summary to the Baseline Modeling Report (Jan. 2000)

Reference

Baseline Modeling Report (May 1999)

QEA/GE - PCBsinthe Upper Hudson River (May 1999, amended July 1999)
Suggested charge questions from the public (Dec. 1999)

Hudson River Reassessment Database (August 1998)

Executive Summaries for other EPA Reassessment Reports

Peer Review Reports from first two peer reviews

The peer reviewers should base their assessments primarily on the Revised BMR, and on EPA’s
Responsiveness Summary for the Baseline Modeling Report, in which EPA responded to
significant public comments received by the Agency on the May 1999 Baseline Modeling
Report. These two documents are currently in preparation, and will be issued to the peer
reviewers by the end of January 2000. The reference documents listed above are being
provided to the reviewers as background information, and may be read at the discretion of the
reviewers, astime allows, although the reviewers are not being asked to conduct a review of any
of the background information. It should be noted that the Revised BMR to be issued in January
2000 will supercede the May 1999 Baseline Modeling Report.

For additional background information, please visit USEPA’s web site on the Hudson River
PCBs site, www.epa.gov/hudson.

Specific Questions

Fate and Transport (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water, sediment,
and PCBs in the Upper Hudson. Are the process representations of these three
components compatible with one another, and appropriate and sufficient to help address
the principal study questions?

2. The HUDTOX representation of the solids mass balance is derived from several sources,
including long-term monitoring of tributary solids loads, short-term solids studies and the
results of GE/QEA’s SEDZL model. The finding of the solids balance for the Thompson
Island Pool is that this reach is net depositional from 1977 to 1997. This finding has aso
been assumed to apply to the reaches below the Thompson Island Dam. Isthis
assumption reasonable? Are the buria rates utilized appropriate and supported by the
data? Isthe solids balance for the Upper Hudson sufficiently constrained for the
purposes of the Reassessment?

3. HUDTOX represents the Upper Hudson River by segments of approximately 1000



10.

meters in length in the Thompson Island Pool, and by segments averaging over 4000
meters (ranging from 1087 to 6597 meters) below the Thompson Island Dam. Isthis
gpatial resolution appropriate given the available data? How does the spatial resolution
of the model affect the quality of model predictions?

Isthe model calibration adequate? Does the model do areasonable job in reproducing
the data during the hindcast (calibration) runs? Are the calibration targets appropriate for
the purposes of the study?

HUDTOX employs an empirical sediment/water transfer coefficient to account for PCBs
loads that are otherwise not addressed by any of the mechanismsin the model. Isthe
approach taken reasonable for model calibration? Comment on how this affects the
uncertainty of forecast simulations, given that aimost half of the PCB load to the water
column may be attributable to this empirical coefficient.

Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or other
debris, temperature gradients between the water column and sediments, etc.) that have
the potential to change conclusions drawn from the models?

Using the model in a forecast mode requires a number of assumptions regarding future
flows, sediment loads, and upstream boundary concentrations of PCBs. Arethe
assumptions for the forecast reasonable? |s the construct of the hydrograph for forecast
predictions reasonable? Should such a hydrograph include larger events?

The 70-year model forecasts show substantial increases in PCB concentrations in surface
sediments (top 4 cm) after several decades at some locations. Thesein turn lead to
temporary increases in water-column PCB concentrations. The increases are due to
relatively small amounts of predicted annual scour in specific model segments, and it is
believed that these represent areal potential for scour to uncover peak PCB
concentrations that are located from 4 to 10 cm below the initial sediment-water
interface. Isthis areasonable conclusion in a system that is considered net depositional ?
After observing these results, the magnitude of the increases was reduced by using the
1991 GE sediment data for initial conditions for forecast runs. |Isthis appropriate? How
do the peaks affect the ability of the models to help answer the Reassessment study
guestions?

The timing of the long-term model response is dependent upon the rate of net deposition
in cohesive and non-cohesive sediments, the rate and depth of vertical mixing in the
cohesive and non-cohesive sediments and the empirical sediment-water exchange rate
coefficient. Are these rates and coefficients sufficiently constrained for the purposes of
the Reassessment?

The HUDTOX model uses three-phase equilibrium partitioning to describe the
environmental behavior of PCBs. Isthis representation appropriate? (Notethat in a
previous peer review on the Data Evaluation and Interpretation Report and the Low
Resolution Sediment Coring Report, the panel found that the data are insufficient to
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adequately estimate three-phase partition coefficients.)

HUDTOX considers the Thompson Island Pool to be net depositional, which suggests
that burial would sequester PCBs in the sediment. However, the geochemical
investigations in the Low Resolution Sediment Coring Report (LRC) found that there
was redistribution of PCBs out of the most highly contaminated areas (PCB inventories
generally greater than 10 g/m?) in the Thompson Island Pool. Comment on whether
these results suggest an inherent conflict between the modeling and the LRC
conclusions, or whether the differences are attributable to the respective spatial scales of
the two analyses.

The model forecasts that a 100-year flood event will not have a major impact on the
long-term trends in PCB exposure concentrations in the Upper Hudson. Isthis
conclusion adequately supported by the modeling?

Bioaccumulation M odels

1.

Does the FISHRAND model capture important processes to reasonably predict long term
trends in fish body burdens in response to changes in sediment and water exposure
concentrations? Are the assumptions of input distributions incorporated in the
FISHRAND model reasonable? Are the spatial and temporal scales adequate to help
address the principal study questions?

Was the FISHRAND calibration procedure appropriately conducted? Are the calibration
targets appropriate to the purposes of the study?

In addition to providing results for FISHRAND, the Revised BMR provides results for
two simpler analyses of bioaccumulation (a bivariate BAF model and an empirical
probabilistic food chain model). Do the results of these models support or conflict with
the FISHRAND results? Would any discrepancies among the three models suggest that
there may be potential problems with the FISHRAND results, or inversely, that the more
mechanistic model is taking into account variables that the empirical models do not?

Sediment exposure was estimated assuming that fish spend 75% of the time exposed to
cohesive sediment and 25% to non-cohesive sediment for the duration of the hindcasting
period. The FISHRAND model was calibrated by optimizing three key parameters and
assuming the sediment and water exposure concentrations as given, rather than
calibrating the model on the basis of what sediment averaging would have been required
to optimize the fit between predicted and observed. |sthe estimate of sediment
exposures reasonabl e?

The FISHRAND model focuses on the fish populations of interest (e.g., adult largemouth
bass, juvenile pumpkinseed, etc.) which encompass several age-classes but for which key
assumptions are the same (e.g., al largemouth bass above a certain age will display the
same foraging behavior). Thiswas done primarily because it reflects the fish data
available for the site. Isthis areasonable approach?



General Questions

1.

What is the level of temporal accuracy that can be achieved by the models in predicting
the time required for average tissue concentrations in a given species and river reach to
recover to a specified value?

How well have the uncertainties in the models been addressed? How important are the
model uncertainties to the ability of the models to help answer the principa study
guestions? How important are the model uncertainties to the use of model outputs as
inputs to the human health and ecological risk assessments?

It is easy to get caught up with modeling details and miss the overall message of the
models. Do you believe that the report appropriately captures the “big picture” from the
information synthesized and generated by the models?

Please provide any other comments or concerns with the Revised Baseline Modeling
Report not covered by the charge questions, above.

Recommendations

Based on your review of the information provided, please identify and submit an explanation
of your overall recommendation for each (separately) the fate and transport and
bioaccumulation models.

1. Acceptable asis

2. Acceptable with minor revision (as indicated)
3. Acceptable with mgjor revision (as outlined)
4. Not acceptable (under any circumstance)
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Notice

The U.S. Environmental Protection Agency (EPA) strives to provide accurate, complete, and
useful information. Neither EPA nor any person contributing to the preparation of this
document, however, makes any warranty, expressed or implied, with respect to the usefulness
or effectiveness of any information, method, or process disclosed in this material. Nor does
EPA assume any liability for the use of, or for damages arising from the use of, any
information, methods, or process disclosed in this document.

Any mention of trade names or commercial products does not constitute endorsement or
recommendation for use.



Table of Contents

Charge for Peer Review 3 ... ... . o 1

Peer Reviewers

Note:

Dr.Ellen Bentzen . .......oiuiinii i e e 7
Dr.Steven Eisenreich . . ..o oot it 27
Dr. Per Larsson . ..o vt e e e e 43
Dr.Grace Luk . ... . 55
Dr.WuSengLung ........ .. 73
Dr. Robert Nairn . . ..ot e e 83
Dr. Ross INOISIIOML & ittt ittt ettt ettt e et e i 99

Premeeting comment materials have been veproduced as received.



Hudson River PCBs Site Reassessment RI/FS
Baseline Modeling Report
Peer Review 3

Chargefor Peer Review 3

Thisisthe third in a series of four peer reviews being conducted on scientific work products
prepared for the Reassessment Remedial Investigation and Feasibility Study (Reassessment) for
the Hudson River PCBs site. Previous peer reviews were conducted on the modeling approach
and the Data Evaluation and Interpretation Report and Low Resolution Sediment Coring
Report. Subsequent to this peer review the Human Health and Ecological Risk Assessments
will be peer reviewed.

Members of this peer review are asked to determine whether the baseline modeling effort
presented in the Revised Baseline Modeling Report (Revised BMR) is credible and whether the
conclusions of the Revised BMR are valid. The reviewers are asked to determine whether the
modeling work is technically adequate, competently performed, properly documented, satisfies
established quality requirements, and yields scientifically credible conclusions. The peer
reviewers are not being asked whether they would have conducted the work in a similar
manner. In addition, the reviewers are asked to determine whether the models and the
associated findings are appropriate to help answer the following three principal study questions
that EPA will consider in its decision-making process for the site:

1. When will PCB levelsin fish meet human health and ecological risk criteria under
continued No Action? @

2. Can remedies other than No Action significantly shorten the time required to achieve
acceptablerisk levels? @

3. Could aflood scour sediments, exposing and redistributing buried contamination?

@ Appropriate levels to meet human health and ecological risk criteria will be evaluated in the upcoming
Feasibility Study.

@ The Revised BMR represents a baseline modeling effort, and therefore does not include an evaluation
of potential remedial scenarios. The modeling work presented in the Revised BMR will be used to
develop potential remedial options in the Feasibility Study for the Reassessment.



The following documents will be provided to the peer reviewers:

Primar
Revised Baseline Modeling Report (Jan. 2000)
Responsiveness Summary to the Baseline Modeling Report (Jan. 2000)

Reference

Baseline Modeling Report (May 1999)

QEA/GE - PCBsin the Upper Hudson River (May 1999, amended July 1999)
Suggested charge questions from the public (Dec. 1999)

Hudson River Reassessment Database (August 1998)

Executive Summaries for other EPA Reassessment Reports

Peer Review Reports from first two peer reviews

The peer reviewers should base their assessments primarily on the Revised BMR, and on EPA’s
Responsiveness Summary for the Baseline Modeling Report, in which EPA responded to
significant public comments received by the Agency on the May 1999 Baseline Modeling
Report. These two documents are currently in preparation, and will be issued to the peer
reviewers by the end of January 2000. The reference documents listed above are being
provided to the reviewers as background information, and may be read at the discretion of the
reviewers, as time allows, although the reviewers are not being asked to conduct areview of
any of the background information. It should be noted that the Revised BMR to be issued in
January 2000 will supercede the May 1999 Baseline Modeling Report.

For additional background information, please visit USEPA’s web site on the Hudson River
PCBs site, www.epa.gov/hudson.

Specific Questions

Fateand Transport (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water, sediment,
and PCBsin the Upper Hudson. Are the process representations of these three
components compatible with one another, and appropriate and sufficient to help address
the principal study questions?

2. The HUDTOX representation of the solids mass balance is derived from several sources,
including long-term monitoring of tributary solids loads, short-term solids studies and
the results of GE/QEA’s SEDZL model. The finding of the solids balance for the
Thompson Island Pool is that this reach is net depositional from 1977 to 1997. This
finding has also been assumed to apply to the reaches below the Thompson Island Dam.
Is this assumption reasonable? Are the burial rates utilized appropriate and supported
by the data? |s the solids balance for the Upper Hudson sufficiently constrained for the
purposes of the Reassessment?



HUDTOX represents the Upper Hudson River by segments of approximately 1000
meters in length in the Thompson Island Pool, and by segments averaging over 4000
meters (ranging from 1087 to 6597 meters) below the Thompson Island Dam. Isthis
spatial resolution appropriate given the available data? How does the spatial resolution
of the model affect the quality of model predictions?

Isthe model calibration adequate? Does the model do areasonable job in reproducing
the data during the hindcast (calibration) runs? Are the calibration targets appropriate
for the purposes of the study?

HUDTOX employs an empirical sediment/water transfer coefficient to account for PCBs
loads that are otherwise not addressed by any of the mechanismsin the model. Isthe
approach taken reasonable for model calibration? Comment on how this affects the
uncertainty of forecast simulations, given that amost half of the PCB load to the water
column may be attributable to this empirical coefficient.

Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or other
debris, temperature gradients between the water column and sediments, etc.) that have
the potential to change conclusions drawn from the models?

Using the model in aforecast mode requires a number of assumptions regarding future
flows, sediment loads, and upstream boundary concentrations of PCBs. Arethe
assumptions for the forecast reasonable? |sthe construct of the hydrograph for forecast
predictions reasonable? Should such a hydrograph include larger events?

The 70-year model forecasts show substantial increasesin PCB concentrationsin
surface sediments (top 4 cm) after several decades at some locations. Thesein turn lead
to temporary increases in water-column PCB concentrations. The increases are due to
relatively small amounts of predicted annual scour in specific model segments, and it is
believed that these represent areal potential for scour to uncover peak PCB
concentrations that are located from 4 to 10 cm below the initial sediment-water
interface. Isthisareasonable conclusion in a system that is considered net
depositional? After observing these results, the magnitude of the increases was reduced
by using the 1991 GE sediment data for initial conditions for forecast runs. Isthis
appropriate? How do the peaks affect the ability of the models to help answer the
Reassessment study questions?

The timing of the long-term model response is dependent upon the rate of net deposition
in cohesive and non-cohesive sediments, the rate and depth of vertical mixing in the
cohesive and non-cohesive sediments and the empirical sediment-water exchange rate
coefficient. Are these rates and coefficients sufficiently constrained for the purposes of
the Reassessment?
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The HUDTOX model uses three-phase equilibrium partitioning to describe the
environmental behavior of PCBs. Isthis representation appropriate? (Notethat in a
previous peer review on the Data Evaluation and Interpretation Report and the Low
Resolution Sediment Coring Report, the panel found that the data are insufficient to
adequately estimate three-phase partition coefficients.)

HUDTOX considers the Thompson Island Pool to be net depositional, which suggests
that burial would sequester PCBs in the sediment. However, the geochemical
investigations in the Low Resolution Sediment Coring Report (LRC) found that there
was redistribution of PCBs out of the most highly contaminated areas (PCB inventories
generally greater than 10 g/m?) in the Thompson Island Pool. Comment on whether
these results suggest an inherent conflict between the modeling and the LRC
conclusions, or whether the differences are attributable to the respective spatial scales of
the two analyses.

The model forecasts that a 100-year flood event will not have a major impact on the
long-term trends in PCB exposure concentrations in the Upper Hudson. Isthis
conclusion adequately supported by the modeling?

Bioaccumulation M odels

1

Does the FISHRAND model capture important processes to reasonably predict long
term trends in fish body burdens in response to changes in sediment and water exposure
concentrations? Are the assumptions of input distributions incorporated in the
FISHRAND model reasonable? Arethe spatial and temporal scales adequate to help
address the principal study questions?

Was the FISHRAND calibration procedure appropriately conducted? Arethe
calibration targets appropriate to the purposes of the study?

In addition to providing results for FISHRAND, the Revised BMR provides results for
two simpler analyses of bioaccumulation (a bivariate BAF model and an empirical
probabilistic food chain model). Do the results of these models support or conflict with
the FISHRAND results? Would any discrepancies among the three models suggest that
there may be potential problems with the FISHRAND results, or inversely, that the more
mechanistic model is taking into account variables that the empirical models do not?

Sediment exposure was estimated assuming that fish spend 75% of the time exposed to
cohesive sediment and 25% to non-cohesive sediment for the duration of the
hindcasting period. The FISHRAND model was calibrated by optimizing three key
parameters and assuming the sediment and water exposure concentrations as given,
rather than calibrating the model on the basis of what sediment averaging would have
been required to optimize the fit between predicted and observed. Isthe estimate of
sediment exposures reasonable?

The FISHRAND model focuses on the fish populations of interest (e.g., adult
largemouth bass, juvenile pumpkinseed, etc.) which encompass several age-classes but

4



for which key assumptions are the same (e.g., all largemouth bass above a certain age
will display the same foraging behavior). Thiswas done primarily because it reflects
the fish data available for the site. Isthis a reasonable approach?

General Questions

1

What is the level of temporal accuracy that can be achieved by the models in predicting
the time required for average tissue concentrations in a given species and river reach to
recover to a specified value?

How well have the uncertainties in the models been addressed? How important are the
model uncertainties to the ability of the models to help answer the principal study
guestions? How important are the model uncertainties to the use of model outputs as
inputs to the human health and ecological risk assessments?

Itiseasy to get caught up with modeling details and miss the overall message of the
models. Do you believe that the report appropriately captures the “big picture” from the
information synthesized and generated by the models?

Please provide any other comments or concerns with the Revised Baseline Modeling
Report not covered by the charge questions, above.

Recommendations

Based on your review of the information provided, please identify and submit an
explanation of your overall recommendation for each (separately) the fate and transport and
bioaccumulation models.

1. Acceptable asis

2. Acceptable with minor revision (as indicated)
3. Acceptable with major revision (as outlined)
4. Not acceptable (under any circumstance)
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Ellen Bentzen has a Ph.D. (1990) and an M.Sc. (1986) in aquatic ecology from the University of
Waterloo and a B.Sc. (1982) in limnology from McGill University. She has worked as an applied
aquatic ecologist/environmental toxicologist Research Associate at Trent University,
Peterborough, ON. Her initial research project at Trent was a study of how aquatic food web
structure influences the concentration of persistent organic pollutants (POPs) in lake trout from
Ontario lakes. This work instigated a number of related projects ranging from field studies of
POPs in the lower part of aquatic food webs and food web structure to development of
contaminant bioaccumulation models (ongoing research). She also has examined the role of food
web structure and dissolved organic carbon in lake water on bioaccumulation of mercury in lake
trout and other fish species.

Ellen Bentzen is associated both with the Environmental Modelling Centre at Trent University,
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includes temporal data for a number of organisms from Lake Ontario and an assessment of recent
trends in contaminant concentrations. She also has been collaborating on the development of
contaminant bioaccumulation models both for benthic invertebrates and for lake trout residing in
different aquatic food webs. She is currently examining food web effects on contaminant
bioaccumulation in biota in subarctic lakes (Yukon Territory, Canada). Results from her research
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Bioaccumulation Models:

B1. Does the FISHRAND model capture important processes to reasonably predict the long term
trends in fish body burdens in response to changes in sediment and water exposure
concentrations? Are the assumptions of input distributions incorporated in the FISHRAND model
reasonable? Are the spatial and temporal scales adequate to help address the principal study
questions?

The FISHRAND model appears to capture many important processes which may predict

long term trends in fish body burdens in response to changes in sediment and water exposure
concentrations. But, these type of models can give apparently correct outcomes without
necessarily being mechanistically correct because the models ultimately are calibrated to optimize
predicted vs observed fish PCBs under a particular set of conditions. Because water and sediment
PCBs are high in the Hudson River, there are strong relationships between biota and media PCBs
(see further elaborations under question 3), and these may mask actual underlying mechanistic
processes. FISHRAND is developed from the Gobas 1993 model, in which critical equations
developed for uptake and depuration (k, & k; ) were derived in Gobas & Mackay (1987) based
upon very limited data sets. Gobas (1993) acknowledges this and states that due to insufficient
data, the relationship for Q, cannot be derived and is set at approximately 100 times smaller than
Q. (c.f Equations 3.8 to 3.11). FISHRAND did include the sensitivity analysis on the constant C,
= 100, but it is not clear by how much this was varied? For example, Campfens and Mackay
(1997) used a value of 1000 in their food web model for PCB bioaccumulation. Hendriks (1995)
used an extensive data base to derive estimates for k, based upon K_,, and fish size, and the
predicted values differ considerably from those in the Gobas model. Along the same lines, similar
recent work on dietary uptake efficiency suggests revision of this part of the model may also be
warranted (Fisk et al. 1998).

Thus, the estimation of k, and k, may be rather crude and these have ultimate importance in
establishing the relative contribution of PCB uptake across gills vs diet. The contribution of
uptake from water was established to be 1 to 15% for Hudson River fish, with the lowest water
contributions to the piscivores.

The BMR briefly comments on the model comparison by Burkhard (1998) who reported
that model outcome is sensitive to the sediment to water partitioning normalized to organic carbon
(this is equivalent to the sediment to water fugacity ratio). Because HUDTOX predicted sediment
concentrations were used along with average water concentrations, these parameters had no
uncertainty nor were variations in the sediment to water fugacity ratio on biota PCB examined.
This should be done.

Otherwise, most of the assumptions of input distributions incorporated into FISHRAND
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seem reasonable; clearly a significant effort was put into this. However, one possibly alarming
exception was the distribution and mean used for water column invertebrates percent lipid, set at 0
to 0.8%, mean 0.2% (Table 6.1). Overall, the whole treatment of water column invertebrates was
very inadequately handled. The descriptions of what these were (e.g. biota composition) were
unclear, as were sampling protocol. Note that in general, it would be very useful to have one or
two tables outlining brief descriptions of the samples used; descriptions between the various biota
were inconsistent in terms of details provided. It is recognized that details are provided in the Data
Report, but which was not at hand, nor was the objective to evaluate the data per se, nonetheless, it
would be good to have some more information than was offered. For example, when (years),
where, how many, species identified, analyses done, etc. Wainman et al. (1993) report lipid
content for zooplankton from a set of freshwater systems, and consider values less than about 1%
would indicate virtual starvation in zooplankton. Certainly zero percent is not biologically
possible! Also, a value around 1% organic carbon for phytoplankton seems to be much too low.
This could have ramifications in estimating bioaccumulation in the lower part of the food web. It
is worthwhile to note that the Gobas (1993) model also performs poorly at the base of the food
web, although this has been somewhat better addressed in the later models (e.g. Morrison et al.
1997, 1999). Modeloutcomes are generally evaluated in terms of estimated fish contaminant
concentrations based upon the same data set used to develop the model, but it is worthwhile to
consider that if the model does not capture the base of the food web, how sensitive might the
model be to track changes in water (and sediment) concentrations which directly affect plankton
concentrations (assuming steady-state)? This may be very difficult to study in such systems as the
Great Lakes (the data for which many models are developed) where water concentrations are at or
well below detection limits, around 0.5 ng/L or less but could be very important in the Hudson
with concentrations of PCBs in the water orders of magnitude higher (and predicted to remain high
for a while but diminishing).

A better job could be thus done in comparing the values used to literature values. A
statement on page 79 is made to the effect that distribution values (Table 6.1) compare reasonably
to the literature, but no actual values or data are reported, thus not substantiated.

The spatial and temporal scales are reasonable based upon the system and available data.
The 4 river segments seem to capture the general range from high in Thompson Island Pool (TIP)

to the lows in the lower river.

B2. Was the FISHRAND calibration procedure appropriately conducted? Are the calibration
targets appropriate to the purposes of the study?
The explanations for the sensitivity analyses are reasonably detailed and the effort is
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commendable. It would be useful to have a list of every single parameter that was examined; it is
unclear and hence cannot be verified if some key parameter has not been examined. The table on
page 74, book 3, only lists those found to have greatest impact on the outcome. Fish weight is
listed in this table, but it is unclear if it was tested further in the calibration (not listed as such in
the text below). Insofar as calibrating to the Gobas 1993 model, this seems to have been well done

(but note the comments in question 1 above).

B3. In addition to providing results for FISHRAND, the Revised BMR provides results for two
simpler analyses of bioaccumulation ( a bivariate BAF model and an empirical probabilistic food
chain model). Do the results of these models support or conflict with the FISHRAND results?
Would any discrepencies among the three models suggest that there may be potential problems
with the FISHRAND results, or inversely, that the more mechanistic model is taking into account
variables that the empirical models do not?

Theoretically, the rationale behind the bivariate BAF (bBAF) and empirical probabilistic

models are reasonable- to an extent. A goal behind the bBAF is to examine the potential relative
contributions of sediment vs water sources to fish PCB burdens by direct regression comparisons.
Regressions were run between lipid-normalized fish PCBs and water or sediment concentrations,
water on a whole volume basis, and sediment normalized to organic carbon. Because of limited
sediment data as well as spatial heterogeneity in sediment PCBs, the sediment data were obtained
from the HUDTOX predictions whereas the water data were observed mean values for each of the
four segments of the river. Data for the years of sampling from 1975 to 1998 were included. The
BMR considers that the relative importance of sediment or water sources to the fish PCBs can be
approximately evaluated based upon the goodness of fit of these regressions. This approach was
developed in the PCMR but based upon a more limited data set and was criticized by several of the
Peer reviewers. First, because sediment data are predicted but water are observed means, there is a
possible inherent bias in comparing fits against fish PCBs between these two variables- the
sediment data have no variability while the water data do (see Figure 1 below).

One such criticism is the employment of both variables, sediment and water, in a multiple
regression for predicting fish PCBs because sediment and water concentrations are not
independent of one another (an important assumption of multiple regression models). The
response in the BMR considers that because of the nature of the river system, PCBs in water and
sediments are not in equilibrium with one another, and hence it is justified to include both in a
multiple regression (statistical procedures do not “care” about equilibrium). This is not a
justification and is statistically invalid. This was also criticised in the Responsiveness summary
(page 86/87); the response was the best fit (i.e. higher r*) was obtained when both variables are

included in the model. A scatter plot of sediment vs water concentrations was included suggesting
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a weak relationship. However, examination of the data show strong site differences in both
sediment and water concentrations, which must then be taken into account when examining the
water to sediment PCB relationship. A plot of log-10 transformed water PCBs against sediment
PCBs shows that 67% of the variability in water may be explained or related to sediment
concentrations when differences among the 4 segments are taken into account using analysis-of-
covariance (ANCOVA; see Figure 2 below).

Using ANCOVA, there is found to be a significant difference in the relative concentration
of water to sediment among the three of the 4 study segments of the river (segments 2 and 3 are
similar). The ANCOVA results demonstrate that the slope is the same among the segments.
(Note this may be an artefact of how the sediment concentrations are generated by the HUDTOX
model, to decline at a similar rate relative to water concentrations among all reaches of the river
over time; this needs to be examined.) Absolute concentrations are higher in TIP, but the intercept
is lower, indicating a lower relative proportion of PCBs in water relative to sediment than
downstream. If the reciprocal relationship is considered, this would mean that the ratio of the
fugacities of PCBs in sediments relative to water are highest at TIP (actual ratio cannot be
determined here because the water data are not expressed as freely dissolved PCBs normalized to
organic carbon), similar in segments 2 and 3, and lowest at the reach below Federal Dam. A
sediment to water fugacity ratio greater than one will indicate the net flux of PCBs will be out of
the sediments into the water.

What these data clearly indicate is that sediment and water PCB concentrations are NOT
INDEPENDENT of one another. It does not matter if the two media are not in equilibrium. There
are several statements in the BMR which uses this latter point, and several others, to justify using
these 2 variables together in a bivariate regression, but this is neither statistically nor logically
valid, nor can the data be used to identify relative importance of sediment and water pathways to
the biota. Also, as stated above, because the sediment data have no inherent variability in them,
but the water data do, this also makes it impossible to establish the relative contribution of either
media to biota PCB burdens. Nonetheless, as the following graphs will demonstrate, water and/or
sediment are important driving factors behind biota PCB burdens and the relative importance of
either may be less critical when concentrations are so high. Establishing water or sediment as the
important source may be more important in a situation such as Lake Ontario, for example, where
water concentrations are very low and a high sediment to water fugacity results in PCBs moving

from sediments into the water column.
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Figure 1. (Illustrative) Annual HUDTOX predicted sediment and averaged water
concentrations for 2 segments of the Hudson. Note that because sediment values have no
variability but the water values are variable, any comparison between water and sediment as
sources of PCBs will be biased towards the sediment values on the basis of goodness-of-fit (17,
etc). Nonetheless, the strong and significant relationships between both sediment and water
concentrations and PCB concentrations in biota is extremely important and indicates a very strong

driving force in the system.
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Figure 2. Water concentrations are

strongly related to sediment PCB concentrations on a log-10 transformed basis, based upon data
used in the Bivariate BAF model (’= 0.67). Note segment one is Thompson Island Pool (TIP).
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Comments on the Bivariate BAF analysis.

Table 1. Summary of regression statistics for Hudson River fish lipid-normalized PCBs vs water
and sediment PCBs. Statistics performed with SYSTAT.

species X variable(s) | n | intercept | slope | r*(adj) { ANCOVA | prob
interaction.
prob
brown bullhead | water 45 | 258.6 2.054 | 0.36 0.0000
log bullhead log water 45 { 1.58 0.509 ] 0.30 0.0001
log water, 45 0.64 0.008 0.0000
segment 0.0000
largemouth bass | water 40 | 469.5 4.73 0.61 0.0000
log LM bass log water 40 | 1.94 0.515 10.48 0.0000
log water, 40 . 0.69 0.58 0.0000
segment 0.0004
yellow perch water 19 | 2653 4.15 |0.46 0.0008
log y perch log water 19 | 0.777 0.971 | 0.69 0.0008
log water, 19 0.86 0.35 0.0000
segment 0.013
log bulihead log sediment | 45 § 0.81 0.695 | 0.68 0.0000
log sediment, | 45 0.79 0.38 0.0000
segment 0.0002
log LM bass log sediment | 40 | 1.403 0.587 | 0.75 0.0000
log sediment, | 40 0.88 0.06
segment
log y perch log sediment | 19 | 1.12 0.66 |0.37 0.0034
log sediment, | 19 0.68 0.003 0.0006
segment 0.030

Only a subset of the regressions were examined here. Several important points. The first
is a puzzling discrepency between the regression results calculated here based upon the data from
the BMR Tables 4.5, 4.7 and 4.8. For example, the intercept (constant) for brown bullhead was
listed in Table 4.9 as 80.5 and the r* of 0.42, which differs from these results. Differences were

noted for the other species as well. The BMR does not state which program was used to compute
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the statistics. I recently was given a very alarming reference to a study which demonstrates that
statistics performed with Excel are NOT TO BE TRUSTED and are extremely faulty
(McCullough and Wilson 1999). The BMR does state that Excel was used as a spreadsheet; if this

is the case for the statistics, they must be recomputed with a “real” statistics program.

Second, the data were not examined for homogeneity of variance, except for one reference
comment on page 54 of Book 3, BMR, that examination of a scatter plot (Fig. 4.4) does not reveal
heteroscedasticity. This has to be tested on the data, not eyeballed. I performed Bartlett’s test for
homogeneity of variance on brown bullhead, largemouth bass and yellow perch (these 3 species
were selected as examples from the 3 trophic positions for fish) and found that for the first two
species, the data were heteroscedastic until log-10 transformed, thus at least for those it is most
appropriate to perform statistical analyses on log transformed data. Yellow perch could be done
either way, but for consistency of handling, I ran regressions on log transformed data (using
Systat).

Next, the data should be considered in light of differences among the 3 segments in terms
of water and sediment concentrations, and how these affect the relationships between the fish and
the media PCB concentrations. This is done by ANCOVA, as shown in Figure 2 for the sediment
and water data. The results are very interesting. Substantially more variability is explained in the
fish PCB and water relationship when the River segment is taken into account for all three species.
All regressions are highly significant. Note that in the BMR, page 54, section 4.2, the discussion
pertaining to the single factor species-media regressions makes a weak, qualitative statement
“despite increase in 1%, the quality of fit remains weak”. This is rather subjective; comparing
regression results uses more than just the r?, which pertains to degree of variance explained by the
model. The probabilities must also be reported. As shown in the table above, the results are
highly significant. But the strengths of these relationships cannot be used to justify relative
contribution of either sediment or water to fish PCBs. For example, the ANCOVA 1’ for
largemouth bass is 0.69 for water&segment compared to 0.88 for sediment&segment. Using the
rationale of the BMR, this would suggest that sediment is more important as a source of PCBs to
largemouth than water but the opposite would be true for yellow perch. This is trying to explain
too much with these data. Note in the table above, significant probabilities for the ANCOVA
interaction term are significant for brown bulihead with water&segment and yellow perch (and
marginally largemouth) with sediment&segment, indicating that the slope of the fish-PCB to
media relationship varies among segments. Analyses can be done to detect which segments are

different (although this may be due to variable samples of fish in each segment, as for yellow



ELLEN BENTZEN

perch with only 2 to 4 fish in two of the segments; have to be careful not to overinterpret the data).

Relationships between fish lipid-normalized PCBs and water or sediment PCBs are shown

for two segments.
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Figure 3. Lipid-normalized PCBs in three fish species in the first two river segments used in the
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Table 2: statistical analyses for data in Figures 3 & 4. Variables are log-10 transformed.

parameters (Y) independent n r probability ANCOVA
variables (X) interaction p

Segment 1: TIP

fish PCBs water, 27 1031 0.62 0.21
species 0.023
sediment, 27 | 0.62 0.0002 0.11
species 0.002

Segment 2: Stillwater

fish PCBs water, 42 1 0.67 0.00000 0.24
species 0.0008
sediment, 42 10.85 0.00000 0.99
species 0.00001

These results demonstrate that it is harder to establish a relationship between fish PCBs
and water in Thompson Island Pool because of the variability in the measurements (and likely
real). This does not fhean that water is less important than in other segments, it is just harder to
establish trends based upon variable data. But the strengths of these relationships in general are
astonishing, due to the very high water and sediment PCB concentrations. Many food web
models, including the Gobas models, have been constructed based upon Great Lakes food webs
and contaminant distributions. Following the ban in use of PCBs in the mid 1970's, fish PCBs
plummeted rapidly from the 1970s when monitoring programs were first implemented, but by the
1980's concentrations in biota have declined only slowly (e.g. Bentzen et al. 1999; DeVault et al.
1996). Unfortunately, very little to no water data were collected in the early years but hindcasting
analyses suggest that the initial rapid decline would be attributable to changes in water
concentrations of the hydrophobic chemicals down to levels less than about 1 ng/L (PCBs in Lake
Ontario water are probably now less than 0.5 ng/L). In these systems, food chain biomagnification
is the main force behind PCB concentrations in biota at higher trophic positions, and contribution
directly from water is minimal, but it shows how sensitive the system is to water concentrations.
There is an underlying belief in the PMR that uptake from food is the most important for the
piscivores, but this may not have been adequately examined, as discussed above in question 1.
The difference among the three species illustrated in the above analyses does support trophic level
differences contribute to their PCB concentrations (although the effect of age and size cannot be
accounted for here). The FISHRAND model could be used to test this more fully. Results look
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pretty good simply because of the strong driving force of water and sediments (which are
obviously linked) for all biota.

This is further illustrated by examining plots of lipid-normalized PCBs among pairs of
biota. The relationships are very clear even between pairs of fish which are not closely related to
one another in the trophic food web, such as brown bullhead and largemouth bass (Figure 5). Of
the 4 fish pairs shown in Figure 5, these two had the least variable relationship with an r* = 0.77.
This identifies that an external driving force operates on both species independent of food web
structure. It is also useful to compare the BAFs derived here to literature values. This will be
discussed under the probabilistic model.

Note that it is also useful to examine PCB congener profiles in sediment, water, and the
biota (invertebrates as well as fish), for example as in Metcalfe and Metcalfe (1997). The use of
Tri+PCBs in the models is well justified, but the congener data from the 1990's sampling should

be included in the examination of sediment vs water PCB sources to biota.
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Figure 5. Examples of relationships for lipid-normalized PCBs between pairs of Hudson River
fish.

log (pumpkin) = 0.29 + 0.96 (log bullhead) n=32,r*=0.69
log (Im bass) =1.08 + 0.71 (log bullhead) n=33,r*=0.77
log (Im bass) = 0.92 + 0.72 (log y perch) n=18,r*=0.73
log (Im bass) =1.16 + 0.71 (log pumpkin) n=30,r*=0.66
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Empirical Probabilistic Food Chain Model:
The data and calibrations used in the probabilistic model are not entirely clear. The model

covers three reaches (river miles 189, 168, 154) but the benthic invertebrate data shown in Figure
5.2 are from around TIP and below Federal Dam. As stated previously, it would be useful to have
tables outlining sample sources, years, species, locations, etc. And while contaminant analyses
may be done only for some limited samples, biotic descriptions for benthic creature distributions
must be available and could be briefly described, to highlight that the ones used for PCB analyses
in these models are representative of the river, etc. The water column invertebrates are especially
poorly described/documented in the BMR. As elsewhere, in section 5.1.4, mention is made of
comparison to literature values but nowhere are any of these summarized. It is noteworthy that
mention is made at several points that the Hudson River is unique and thus it is difficult to
compare any results to other systems. It is valid to consider that the flow and general physical
dynamics of the river are unique, and hence the HUDTOX model is developed for this system.
But this does not necessarily follow for consideration of bioaccumulation models, which are driven
by biotic relationships and characteristics of the species. In general, it would be very useful to
compare results and observations from the Hudson to other systems, specifically concentrations
and derived BAFs.

The BAFs here for biota to water are not easily compared to other data nor to the sediment
or biota to biota BAFs because water is not expressed relative to organic carbon. Understandably,
data are not available for the temporal patterns, but FISHRAND nonetheless makes assumptions to
estimate freely dissolved PCBs and water column organic carbon. It is not clearly justified why
this could not be done for these BAFs, as well. The assumption is made that water column
invertebrates are at steady state with water PCBs, hence the invertebrate data could be used to
generate a possible distribution of what the freely dissolved PCBs normalized to carbon values
might be. A value of 13.2 for water column invertebrates is assigned; this seems to be rather high
and out of line with the other data, and with published values (error?).

The BAFs are not interpreted to any great extent; the sole purpose was to use them in a
predictive capacity (which is not that appropriate; FISHRAND does this and can be used to
generate the BAFs as well, using population averages or midpoints, etc.). A BAF around one for
sediment invertebrates is used to demonstrate steady state conditions between them and sediments.
The BAF for planktivores is just 1.7 (based upon 50" percentile, but not what was used, which
was stated at 1.08- not sure why, either). Either value, especially the lower one, suggests little to
no biomagnification of PCBs between planktivorous fish and invertebrates, equivalent to
equilibrium directly with water. The BAF for the piscivores relative to planktivores is 2.5, closer

to the approximate suggested value of 3 between trophic levels indicating biomagnification (Gobas
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1993). Note that a recent paper by Morrison et al. (1999) offers estimated BAFs for a number of
hydrophobic chemicals in the Lake Ontario food web.

Note that while it is standard protocol to organic carbon normalize sediment data,
Landrum and Robbins (1990) point out that this could be misleading at times, dependent upon the
contribution of other fine clays, sediment lipid material, etc, could also bind to organic
contaminants. This could be a factor behind some of the observed BSAF variability.

In summary, the bivariate BAF “model” needs to be revised with appropriate treatment of
the statistics and fuller interpretation of the data. Given the predicted declines in water and
sediment concentrations over time, these simple equations actually can be used to generate average
estimates of fish concentrations, but based upon the assumption that the relationship between
water and sediment concentrations is adequately modelled as shown. The probabilistic model can
be used in an equally simple manner to estimate contaminants in other biota that are not treated by
the simple time data, but it would be preferable to express the water concentrations on an
equivalent basis to the other BAF estimates. Note that this was done by Webster et al. (1999)
who described a synoptic indicator, equating all biota and physical compartments (air, water and
sediment) in terms of lipid partitioning (equilibrium lipid partitioning). This is based upon
fugacity relationships, but describes what are essentially BAF’s on an equivalent basis.
Incorporating distribution functions for the parameters makes it more broadly descriptive. The
FISHRAND model is obviously more complex, and as such incorporates many more assumptions
and parameters which are not all well determined. But the advantage of the model is that it does
allow examining more specific factors which may regulate PCB partitioning and retention into
biota, hence a more mechanistic approach. However, because of the uncertainties of several
quantities, it can be used as a tool for testing specific questions about these various factors. For
example, if there are significant shifts in predator-prey dynamics in the river, due to species
invasions or catastrophic losses in some age classes of particular fish species, the model can be
refined to predict what changes in partitioning of PCBs may result. The Campfens and Mackay
(1997) food web bioaccumulation model was developed for this type of flexibility (using a food

web matrix rather than a set of fixed feeding parameters).

B4. Sediment exposure was estimated assuming that fish spend 75% of the time exposed to
cohesive sediments and 25% to non-cohesive sediment for the duration of the hindcasting period.
The FISHRAND model was calibrated by optimizing three key parameters and assuming the
sediment and water exposure concentrations as given, rather than calibrating the model on the
basis of what sediment averaging would have been required to optimize the fit between predicted
and observed. Is the estimate of sediment exposures reasonable?
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The estimate of sediment exposures is likely reasonable. Despite the heterogeneity of the
sediments, fish are mobile and hence will be exposed to sediments. Using an average is thus
reasonable. However, as discussed in question 1, it would be useful to use FISHRAND to
examine what possible variations in sediment to water fugacity ratios might have on fish PCBs.
This is a useful application of the model. This isn’t needed to use for optimizing fit, but for
predicting the consequences of other changes (changes in sediment characteristics, for example,
from increased sewage discharge or other activities, which might thus change the bioavailability of

PCBs in the sediments differently from what is predicted based upon current conditions).

B5. The FISHRAND model focuses on the fish populations of interest, e.g. adult largemouth bass,
Juvenile pumpkinseed, etc, which encompasses several age-classes but for which key assumptions
are the same, e.g. all Im bass above a certain age will display the same foraging behaviour. This
was done primarily because it reflects the fish data available for the site. Is this a reasonable
approach?

This is a reasonable and fairly standard approach. The goal is to predict the possible range
of PCB concentrations in the fish population, not individuals, as a function of changing sediment

and water concentrations over time.

General questions:

G1. What is the level of temporal accuracy that can be achieved by the models in predicting the
time required for average tissue concentrations in a given species and river reach to recover to a
specified value?

They can be no better than the temporal resolution of the water and sediment data.
Elimination rate constants estimated from FISHRAND can indicate temporal resolution.

G2. How well have the uncertainties in the models been addressed? How important are the
model uncertainties to the ability of the models to help answer the principal study questions?
How important are the model uncertainties to the use of model outputs as inputs to the human
health and ecological risk assessments?

The uncertainties have been reasonably well addressed in the bioaccumulation models.

These are obviously important in the FISHRAND model because of the number of parameters
with unknown precision, and the discussion in Chapter 8 reasonably well laid out. However, the
justification of using the Gobas 1993 model “because it has been validated for a number of sites™
is somewhat misleading and philosophically flawed. The reference to Burkhard (1998) in 8.1.2.2
as an example of such is incorrect because he compared two models for assessing important
parameters using the same Lake Ontario data (Oliver and Niimi 1988) which has been used by

several modellers in the development of their models, including Gobas (1993). Some of the
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parameters have been updated in subsequent versions or other models (eg later Gobas, Morrison et
al. 1999), as discussed in question 1 above. The other cited reference to Morrison et al. (1997) is
based upon an alternate site, western Lake Erie, which is very different from Lake Ontario, and her
model was further modified in her latest application on Lake Ontario. It is critical to review and
summarize these various efforts to as great extent as possible before using ANY model for
regulatory decisions. This underscores a characteristic which is severely lacking in the BMR in
general, which is a deficiency of examining results from other sites which may be used to help
interpret the Hudson River observations. As stated previously, in terms of bioaccumulation
models, fish are physiologically similar among widespread temperate locations and data from other
sites may be used in the Hudson, i.e. respiration, uptake efficiencies, role of lipid in k,, etc. All
these parameters which influence uptake and retention of PCBs by fish are fairly ubiquitous. It is
not clear how well any of these were used in the BMR sensitivity analyses but the issue is of

importance for application to human health and risk assessments.

G3. It is easy to get caught up with modeling details and miss the overall message of the models.
Do you believe that the report appropriately captures the “big picture” from the information
synthesized and generated by the models?

As discussed above, both the bivariate BAF and empirical probabilistic models stop short
of some useful observations, the first because of flawed statistical analyses, the second because of
inconsistent calculations of BAF which are not all comparable (i.e. the use of whole water
concentrations; note this is not an issue for the bivariate BAF which examines trend relationships.)
Discussion of results and implications there of tend to be brief in all the sections. As discussed in
the previous question, this also pertains to the lack of comparison to outside observations and data.
There is a wealth of information and observations to be compared to in the Great Lakes, where
many bioaccumulation models have been developed (often on the same data set) and a more recent
set of papers which have examined related issues. These include the development of the
standardized approach for comparing the distribution of PCBs among the biota and physical media
(ELP, for equilibrium partitioning; Webster et al. 1999) which is useful because it allows us to
predict how changes in one compartment will affect PCB concentrations in the others. Various
studies have considered what the half life of PCBs are in biota in order to estimate how long it will
take the fish to reach acceptable target concentrations (International Joint Commission sets a target
of 100 ng/g ww for protection of wildlife). For example, an average PCB half life for all biota in
Lake Ontario is found to be approximately 12 years and it will take 3 to 4 half lives to reach the

1JC target (Bentzen et al. 1999). It certainly is interesting to note that lipid-normalized PCBs in
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comparable fish species in Lake Ontario, for example yellow perch, were at their measured
maximum of 125 mg/kg ww in the mid 1970's which is lower than yellow perch PCB
concentrations in the Hudson River in the 1990's.

Nonetheless, the “big picture” is available for the bioaccumulation models, but is presented in a
fragmented manner (partly a nature of the report style) and would be enhanced by a more thorough

treatment of the results in a broader context.

G4. Other comments or concerns with the Revised Baseline Modeling Report.
Some errors are noted (not in any particular order) plus some general recommendations:
p. 4, reference to Sloan et al. 1984 is not consistent with the references (1985 given).
p. 5, top paragraph: “Connolly et al. predicted levels in Hudson River striped bass...” is an
example of a vague statement. What type of levels and to what degree of accuracy?
p. 61, reference to section 3.5 should read 3.5 (both on 2™ and 4® lines).
p. 93, “Buckhard” should read Burkhard.
Figure 3.3: use consistent units for concentrations.
Delete Fishpath results since these are not used.
The species Pontoreia does not exist; presumeably mean Pontoporeia, however it should
be noted that the classification of Pontoporiea was changed about a decade ago to Diporeia.
p. 31, it is confusing to use C for the constants when it is also used for concentration.
p. 75, need to elaborate on the nature of the water column invertebrates. What about algae?
Identify the basic protocol used to collect samples, and when, etc (commented on in more detail

above).
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Fate and Transport (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water, sediment, and
PCBs in the Upper Hudson. Are the process representations of these three components
compatible with one another, and appropriate and sufficient to help address the principal study
objectives?

The process representations in the mass balance of water, solids and PCBs in the Upper Hudson
River seem appropriate. The key processes in the PCB mass balance in HUDTOX and acting as
inputs to the Bioaccumulation models are (1-1) PCB mobilization from contaminated sediments

in the reaches of the river upstream of Fort Edward by sediment resuspension and sediment-water
transfer, (1-2) tributary solids loads, (1-3) air-water exchange or net volatilization, (1-4) net
sediment accumulation of mass and PCBs, and (1-5) the three-phase partitioning model.

(1-1)The data suggest that sediment-water transport of PCBs under low flow (2x average flow) non-
scouring conditions from cohesive sediments dominates PCB inputs to the water column. This is
inferred from PCB congener profiles (particulate-like) in the water column and higher concentrations
than foreseen based on upstream transport. The importance of this component relies on effective
sediment-water mass trarisfer coefficients (relatively uncertain) and surficial sediment PCB
concentrations (measured and modeled). If the mechanistic pathway is not as described in the report
and inferred from water column PCB data, then the model formulation is incorrect even if hindcasts
and forecasts seem appropriate. Much of this is based on knowing PCB concentrations in the water
over the Upper Hudson River over time when water and sediment sampling techniques as well as
PCB analytical procedures have changed considerably. Although the EPA has gone to great length
to interrogate and evaluate packed-column GC vs capillary column GC techniques, this still results
in a considerable uncertainty in the data upon which inferences on sediment-water release are based.
(1-2) The report concludes that tributary solids loads dominate sediment loads in the upper HR; this
must be so given the mass balance modeling of various reaches. The sediment load was evaluated
on a small fraction of the tributaries and the tributary PCB load was not determined effectively on
any of the tributaries. The EPA report does a good job of estimating non-monitored tributary loads
but the result retains considerable uncertainty. Also, regressions relating TSS and flow in the
Hudson River all show that TSS varies over a factor of ten for each flow at each site for the reported
data. Was the uncertainty of this aspect incorporated into the model calibration and uncertainty?
(1-3) See below.

(1-4) This representation of the processes by the model seems very appropriate.

(1-5) See below

The model representations, with exceptions noted, are appropriate and sufficient to help address the
principal study objectives.

2. The HUDTOX representation of the solids mass balance is derived from several sources,
including long-term monitoring of tributary solids loads, short-term solids studies and the results of



GE/QEA’s SEDZL model. The finding of the solids mass balance for the Thompson Island Pool is
that this reach is net depositional from 1977 to 1997. This finding has also been assumed to apply
to the reaches below the Thompson Island Dam. Is this assumption reasonable? Are the burial rates
utilized appropriate and supported by the data? Is the solids balance for the Upper Hudson
sufficiently constrained for the purposes of the Reassessment?

The conclusion reached in the RBMR that the TIP reach is net depositional is well supported in the
report and is reasonable given the generation of solids upstream and in tributaries, and the
bathymetry and water flows in the TIP. The assumption that the reaches below the TID are also net
depositional is reasonably well supported by data (sediment PCB concentrations) and/or modeling.

3. HUDTOX represents the Upper Hudson River by segments of approximately 1000 meters in
length in the Thompson Island Pool, and by segments averaging over 4000 meters (ranging from
1087 to 6597 m) below the Thompson Island Dam. Is this spatial resolution appropriate given the
available data? How does the spatial resolution of the model affect the quality of model predictions?

The spatial resolution of the model is dependent, in part, on the dimensions of the study area
and the availability of sufficient data at the necessary resolution. Given the availability of sediment
and water data in the Upper Hudson River over time and space, and the scarcity of tributary solids
loading over much of the area of interest, the spatial resolution of the model seems appropriate.

4. TIs the model calibration adequate? Does the model do a reasonable job in reproducing the data
during the hindcast (calibration) year? Are the calibration targets appropriate for the purposes of the
study?

The model calibration is adequate and does a reasonable job in reproducing the data during
the hindcast (calibration) year.

5. HUDTOX employs an empirical sediment/water transfer coefficient to account for PCBs loads
that are otherwise not addressed by any of the mechanisms in the model. Is the approach taken
reasonable for model calibration? Comment on how this affects the uncertainty of forecast
simulations, given that almost half of the PCB load to the water column may be attributable to this
empirical coefficient?

The report specifies that release of PCBs from primarily cohesive sediments under low flow
conditions (2x average flow) is an important feature of the PCB mass balance accounting for the
majority of inputs in the Upper Hudson River. The PCB congener profile in the water column and
sediment is similar suggesting a clear linkage.

A factor that may be important in influencing sediment-water transfer of apparent particulate
PCBs (same congener profile) - read, sedimentary colloidal OM, is groundwater recharge in the near
shore sediments or in the sediments of the main channel. This seems to be the only remaining
plausible mechanism whereby cohesive sediments contaminated with PCBs under largely low-flow
conditions (i.e., < 2x average flows) contribute the majority of the PCBs to the water column in the
overall PCB mass balance. If this is true, perhaps the irrigation of the sediments by recharge water
under low flow conditions advects both dissolved but more importantly colloidal OM and associated
PCBs into the water column. To incorporate this in a clear mechanistic approach based on GW



flows along the miles of the Upper Hudson River would probably confound the modeling
framework. The EPA has incorporated this feature empirically in the sense that they adjust sediment-
water transfer coefficients to account for somewhat unusual observations as stated above. Is there
any other conceivable source of the PCBs in these sections not accounted for in the model (e.e.,
higher tributary loads of PCBs)? It is uncomfortable as a scientist to acknowledge a contaminant
input or mobilization pathway that cannot be described or mechanistically understood, especially as
it appears so important in the mass balance model.

6. Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or other debris,
temperature gradients between the water column and sediments, etc.) that have the potential to
change conclusions drawn from the model?

The factors mentioned here (bank erosion, scour by ice or other debris, temperature gradients
between the water column and sediments) are likely not to have any significant potential to change
conclusions drawn from the model. Temperature gradients between the water column and sediments
will not influence partitioning processes (not very temperature sensitive) or sediment mass transport
to any significant extent. Bank erosion will often, of course, provide coarse sediment to the water
column under erosional conditions. From a mass balance of solids or PCBs, this is already
accounted for by adjusting apparent tributary loads of solids between monitoring sites. Scour by ice,
as pointed out in the RBMR, will not have any major influence in changing conclusions of the model
output. '

7. Using the model in a forecast mode requires a number of assumptions regarding future flows,
sediment loads, and upstream boundary concentrations of PCBs. Are the assumptions for the forecast
reasonable? Is the construct of the hydrograph for forecast predictions reasonable? Should such as
hydrograph include larger events?

The model forecast incorporates numerous informed and scientific assumptions. They
appear to be justified and appropriate given the availability of data, the quality of the model
calibration and the questions placed before EPA. I cannot judge whether the hydrograph used in the
forecast is appropriate except that it adequately addresses known hydrological variables. It is of
major concern to many that large scale episodic events equivalent to 200 or 300 year floods may
mobilize substantial amounts of sediment and associated PCBs. W. Lick (U of CA-Santa Barbara)
has often said that episodic large scale events such as floods, hurricanes, anomalous snow
accumulation and melt, and dam failures are the dominant features driving long-term ecosystem
responses. However it does not seem justified to introduce even greater uncertainty into the model
forecast.

8. The 70-year model forecasts show substantial increases in PCB concentrations in surface
sediments (top 4 cm) after several decades at some locations. These in turn lead to temporary
increases in water-column PCB concentrations. The increases are due to relatively small amounts
of predicted annual scour in specific model segments, and it is believed that these represent a real
potential for scour to uncover peak PCB concentrations that are located from 4 to 10 cm below the
initial sediment-water interface. Is this a reasonable conclusion in a system that is considered net
depositional? After observing these results, the magnitude of the increases was reduced by using the



1991 GE sediment data to initialize conditions for forecast runs. Is this appropriate? How do the
peaks affect the ability of the models to help answer the Reassessment study questions?

This is an entirely reasonable conclusion that is considered net depositional since both
sediment delivery and resuspension occurs. The Upper Hudson River system from the measurement
of the solids inputs and sediment accumulation rates and the modeling, the Upper Hudson river
system must be net depositional. After reviewing the implications of finding that some surficial
sediments must increase in concentration over some reaches and time periods, better data was used
to initiate the model calculation. The phenomenon did not disappear but rather diminished in
importance. This was a reasonable approach and appropriate. The peaks (vague term) should have
no substantial impact on the ability of the Reassessment to answer the study questions.

9. The timing of the long-term model response is dependent upon the rate of net deposition in
cohesive and non-cohesive sediments, the rate and depth of vertical mixing in the cohesive and non-
cohesive sediments and the empirical sediment-water exchange rate coefficient. Are these rates and
coefficients sufficiently constrained for the purposes of the Reassessment?

Net mass deposition (i.e., accumulation) is reasonably constrained given the magnitude the
mass balance models. The rate and depth of vertical mixing and the sediment-water exchange
coefficients are much less constrained in that they are modeled/calibrated coefficients to fit an
observation that is not mechanistically described or understood. That is, what process actually
describes the apparent sediment-water release of dominant amounts of PCBs from cohesive
sediments under low flow conditions?

10. The HUDTOX model uses the three-phase equilibrium partitioning model to describe the
environmental behavior of PCBs. Is this representation appropriate? (Note that in a previous peer
review on the Data Evaluation and Interpretation Report and the Low Resolution Sediment Coring
Report, the panel found that the data are insufficient to adequately estimate three-phase partition
coefficients.)

The three-phase model of PCB partitioning assumes that equilibrium is achieved between
the truly dissolved phase and both the DOC (generating the Ky,o) and the POC (generating the Ky,
The DOC is assumed to be colloidal organic matter (COM) that is insufficiently separated from the
dissolved phase by standard field separation techniques (filtration, centrifugation). It is well known
that some colloidal OM passes typically-used 0.5 to 1.0 um pore size glass-fibre and membrane
filters. If so and the colloidal OM contains sorbed PCB, then the apparent dissolved phase (water
passing the filter - filtrate) has contributions from the truly dissolved and colloidal phases, thus
overestimating the dissolved concentration and subsequent organisms exposure and volatilization.

In early studies, the importance of colloidal OM was linked to ‘sampling artifacts’ whereby
the Kp or Koc decreased with increasing TSM concentrations. Although some interpreted this as
a particle-interaction phenomenon, most viewed it as a result of sampling artifacts. The presence of
an important colloidal or third phase for partitioning was detected by either the observation of
decreasing Kp with increasing TSM, or a slope significantly less than 1.0 in a plot of log Kp or log



Koc vs log Kow. Many field results from lakes, rivers, estuaries and oceans yield slopes from 0.2
to 0.85. The values of slope less than 0.6 are generally taken to indicate the presence of an important
third phase (colloidal OM with sorbed PCBs) and/or a lack of equilibrium. The RBMR states that
evidence exists in the Upper Hudson that equilibrium is achieved ( I assume this means a slope on
the log Kp or Koc vs log Kow plot of close to 1.0). So if equilibrium is achieved (as stated), then
what evidence exists that a third phase is present and important? At DOC concentrations in river
water of 2-6 mg OC/L, TSM values of 2-100 mg/L and foc of 0.01 to 0.04, can the fraction of
colloidal or DOC-bound PCB be important? The assumption was made that DOC is a surrogate of
colloidal OM; is this a good assumption? The assumption was made that foc in DOC is equal to 1.0
(i.e, ‘dissolved organic materials are typically assumed to be composed entirely of organic carbon’),
when it almost certainly cannot be greater than 0.5 or 0.6 given the O, H, N and S content of aquatic
natural organic matter. What implications do the above have for speciation calculations of PCBs
since the amount in the particulate and dissolved phase is so critical to sedimentation, water-air
exchange and organism exposure?

As for the estimation of three-phase partition coefficients, log Kocs can be calculated with
reasonable accuracy given the bountiful literature on this topic. The relationship between Koc and
Kdoc is less clear with literature values suggesting that Kdoc ~ 0.1x to 0.5x Koc. Selection of a
value of 0.1 and applying it uniformly in the modeling framework introduces uncertainty into
speciation calculations and the ultimate importance of each relevant pathway. Given the
determination of a previous panel of experts that insufficient information exists to apply a three-
phase speciation model for PCBs in the Hudson even though adequate POC and DOC data exist, and
the apparent and assumed equilibrium status of sorption, what then is the justification for the
application of the three-phase model?

Table 6-33 presents typical low and high flow partitioning behavior during cold weather and
warm weather periods. The fraction of PCB (depending on state variable) in the colloidal-DOC
fraction is typically 0.02 to 0.06, whereas for BZ#4, it is between 0.3 to 0.6. Although the anomaly
is presented and discussed in the text, it is difficult to imagine any situation where so large a fraction
of a low MW PCB is in the DOC phase when other more hydrophobic PCB congeners are not. 1
suggest that the concentration data upon which this determination was based are inconsistent with
any reasonable mechanism and pathway known, and thus the field data driving this determination
for this congener only are substandard at best and wrong at the worst.

In Section 6.9.2.8, the statement is made that “Results suggest that with accurate
representation of temperature, foc and DOC, it is possible to predict phase distributions of individual
congeners to within 45% for the Upper Hudson River upstream of TID and to within 33% below the
TID.” It is not clear what the predictions are being compared to since field and laboratory speciation
studies are unavailable for complete speciation.

11. HUDTOX considers the Thompson Island Pool to be net depositional, which suggests that burial
would sequester PCBs in the sediment. However geochemical investigations in the Low Resolution
Sediment Coring Report (LRC) found that there was redistribution of PCBs out of the most highly
contaminated areas (PCB inventories generally greater than 10 g/m?) in the Thompson Island Pool.
Comment on the whether these results suggest an inherent conflict between the modeling and the



LRC conclusions, or whether the differences are attributable to the respective spatial scales of the
two analyses.

It is difficult to conclude that an inherent conflict exists. What is apparent is that the TIP is
net depositional for PCBS while some local (but perhaps important processes) are not ‘captured’ in
the model. It is important to recognize that net depositional for the TIP does not necessarily mean
that no redistribution of PCBS in the sediments occurs. The model may not capture the
redistribution due to scale or temporal and even sediment concentration constraints.

12. The model forecasts that a 100-year flood event will not have a major impact on the long-term
trends in PCB exposure concentrations in the Upper Hudson. Is this conclusion adequately
supported by the modeling?

This conclusion is adequately supported by the modeling, and it is reasonable from an
intuitive point of view given the past known signals of solids and PCB mass under different flow
regimes.

Bioaccumulation Models

1. Does the FISHRAND model capture important processes to reasonably predict long-term trends
in fish body burdens in response to changes in sediment and water exposure concentrations? Are the
assumptions of input distributions incorporated in the FISHRAND model reasonable? Are the
spatial and temporal scales adequate to help address the principal study questions?

The FISHRAND model appears to capture important processes to reasonably predict long-
term trends in fish body burdens in response to changes in sediment and water exposure
concentrations.

The assumptions of input distributions incorporated in the FISHRAND model appear
reasonable.

The spatial and temporal scales appear adequate to help address the principal study questions.
This means that dissolved PCB concentrations in the water on a monthly basis and the surficial
sediment PCB concentrations on an annual basis provided by the HUDTOX fate and transport model
must be accurate and constrained.

It is a general conclusion that direct uptake of truly dissolved PCBs across the gill membrane
is most often a small component of the total PCB burden because of the importance of dietary
uptake. The experience from the Great Lakes and small lakes as well and apparently some European
rivers, is that the rate of change in the PCB concentration in fish decreases occurs at the rate at which
the dissolved concentrations change. Or put another way, the time rate of change in fish and water
concentrations evaluated on an annual scale are about the same. Given that it may be assumed that
surficial sediments, suspended sediments and water are at or near equilibrium (thus phytoplankton
and bacteria as well), the rate of change in the PCB fish burdens should mimic the decrease in water



column concentrations, which are supported by sediment-water release. Thus the PCB fish burden
is controlled by the dissolved PCB exposures (through either gill uptake or dietary uptake) and will
change at approximately the same rate evaluated on the annual time scale.

2. Was the FISHRAND calibration procedure appropriately conducted? Are the calibration targets
appropriate for the purposes of the study?

3. In addition to providing results for FISHRAND, the Revised BMR provides results for two
simpler analyses of bioacumulation (a bivariate BAF model and an empirical probabilistic food chain
model). Do the results of these models support or conflict with the FISHRAND results? Would any
discrepancies among the three models suggest that there may be potential problems with the
FISHRAND results, or inversely, that the more mechanistic model is taking into account variables
that the empirical models do not?

4. Sediment exposure was estimated assuming that fish spend 75% of the time exposed to cohesive
sediment and 25% to non-cohesive sediment for the duration of the hindcasting period. The
FISHRAND model was calibrated by optimizing three key parameters and assuming the sediment
and water exposure concentrations as given, rather than calibrating the model on the basis of what
sediment averaging would have been required to optimize the fit between predicted and observed.
Is the estimate of sediment exposures reasonable?

The sediment exposure pathway is obviously an important one for most fish species of the
Upper Hudson River. The sediment exposure pathway was indeed estimated by assuming that fish
spend 75% of the time exposed to cohesive sediments (higher PCB concentration areas). Although
the RBMR is silent on this point, I trust that fish biologists have been consulted on what habitat is
occupied by different species of fish and for what fractiion of the time. This is not the kind of input
parameter that should be used as a calibration parameter, however. It is much more scientifically-
defendable to make the best assumptions based on the expert opinion of those who should know.
Thus the estimate of sediment exposures is reasonable if the sediment surficial concentrations of
PCBs over time and space are constrained.

5. The FISHRAND model focuses on the fish populations of interest (e.g., adult largemouth bass,
juvenile pumpkinseed, etc.) which encompasses several age-classes but for which key assumptions
are the same (e.g., all largemouth bass above a certain age will display the same foraging behavior).
This was done primarily because it reflects the fish data available for the site. Is this a reasonable
approach?

This is a reasonable approach given what is known about relevant fish species on foraging.
To do otherwise would introduce significant uncertainty since such detailed data as age-dependent

foraging behavior (other than young and adult) are not known even for these areas of major interest.

General Questions

1. What is the level of temporal accuracy that can be achieved by the models in predicting the time
required for average tissue concentrations in a given species and River reach to recover to a specified



value?

The apparent temporal accuracy is not certainly less than one year and not greater than 10
years. Based on the apparent temporal resolution provided in the Fate and Transport model and the
variability in a natural population of fish, then 1-5 years appears reasonable.

2. How well have the uncertainties in the models been addressed? How important are the model
uncertainties to the ability of the models to help answer the principal study questions? How
important are the model uncertainties to the use of model outputs as inputs to the human health and
ecological risk assessments?

3. Itis easy to get caught up with modeling details and miss the overall message of the models. Do
you believe that the report appropriately captures the “big picture” from the information synthesized
and generated by the models?

The RBMR is a comprehensive scientific report on the assessment of PCB mobilization,
transport and exposure in the Upper Hudson River. It captures the minute picture, the intermediate
picture and the ‘big’ picture. The model design and model final output are conceptually clear and
the implications apparent.

4. Please provide any other comments or concerns with the Revised Baseline Modeling Report not
covered by the charge questions, above.

4-1. HLC: Any factor influencing the concentration of PCBs in the water column and their speciation
(i.e., truly dissolved, particulate (with solid OC), and colloidal (with DOC)) is important in air-water
exchange. Thus the absolute concentration in the truly dissolved phase is critical in determining
volatilization fluxes. Inherent in the estimation of volatilization fluxes is the role of Henry’s law
constant as a function of temperature in determining the magnitude of flux through the magnitude
of the concentration or fugacity gradient, and the magnitude of the overall mass transfer coefficient.
The representation of air-water exchange processes seems very appropriate to the task but the
magnitude of HLC and its temperature function are known with greater accuracy based on the
document as appended (Bamford, Leister and Baker, 2000). Given the magnitude of the HLC and
the temperature function, even greater volatilization fluxes, especially at cold temperatures, are
likely to occur. I strongly encourage that the new HLCs and their temperature dependence be
incorporated into a revision of the PCB mass balance calculations. A protocol will have to be
developed that estimates the HLC(T) for PCB congeners not measured, Tri+, and total PCBS.

4-2._Air Concentrations Part of the driver of net air-water exchange fluxes (here net volatilization)
is the atmospheric concentration of gaseous PCBS. The data applied in the RBMR are the excellent
air concentration data generated at Point Petre, on Lake Ontario as part of the Integrated Atmospheric
Deposition Network (Hoff et al., 1996) for the period of 1992-94. These report an annual average
PCB concentration of 170 + 86 pg/m’ with concentrations peaking in summer and reaching minima
in the cold winter. It should be noted that they measured all congeners and homologues applicable
to the Upper Hudson River study. Thus no estimation or interpolation procedure needs to be applied
to the data to determine how each congener varies as a function of season and temperature. In



addition, PCB concentrations were consistently higher when winds are off the lake suggesting that
volatilization from the water drives a significant part of the signal. We also know that PCB air
concentrations over the water of the Great Lakes of Superior, Michigan and Ontario plus Green Bay
are higher than at comparable sites on shore sampled simultaneously. In the lower Hudson River
Estuary/Raritan Bay where total PCB water concentrations are consistently 1 to 4 ng/L, air
concentrations range from 500 to 3500 pg/m® and exceed air concentrations measured on shore
simultaneously (data from Brunciak, Eisenreich, et al. Draft manuscript). The message is that air
concentrations over and near the Upper Hudson River (necessary to estimate net volatilization
fluxes) are likely considerably higher than applied in the model as described in Section 6.10.2.3, and
perhaps as high as 10,000 to 50,000 pg/m’ over the water. In addition, background concentrations
of PCBs in air in the period 1977-1991 anywhere near the Upper Hudson River are likely to have
been greater than those applied in the model. Given that few data are available to document ambient
much less over-water PCB concentrations, it is not clear how to handle this question. If the fugacity
gradient is very large in any case, perhaps volatilization vastly exceeds absorption and the air side
PCB absorption can be neglected.

Recommendation

Based on your review of the information provided, please identify and submit an explanation of your
overall recommendation for each (separately) the fate and transport models and bioaccumution
models.

ate and sport Is
Acceptable

With major revisions (as outlined)

Bioaccumulation Models

Acceptable

with minor revision (as indicated)
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Abstract

The Henry’s law constants of 26 polychlorinated biphenyl congeners were measured using
a gas-stripping apparatus at five environmentally relevant temperatures between 4 and 31 °C. The
Henry’s law constants ranged between 0.09 Pa m*/mol + 0.06 Pa m*/mol for 2,2',3,3',4,4',5,6-
octachlorobiphenyl (BZ congener #195) at 4 °C and 294 Pa m’/mol + 28 Pa m*/mol for
2,2'.3,3'4,,5,5'6'-octachlorobiphenyl (BZ congener #201) at 31 °C. The temperature dependence of
each PCB congener’s Henry’s law constant was modeled using the van’t Hoff equation to calculate
the enthalpy and entropy of phase change between the gaseous and dissolved phases. For many PCB
congeners, this study reports the first experimentally-measured temperature variations of their
Henry’s law constant. The enthalpies of phase change ranged between 14.6 kJ/mol + 1.8 kJ/mol for
2,2',4,6,6'-pentachlorobiphenyl (BZ congener #104) and 163 kJ/mol + 7 kJ/mol for 2,2',3,3',4,4',5-
heptachlorobiphenyl (BZ congener #170). These data can be used to predict PCB congener Henry’s
law values within the experimental temperature range within a relative standard error < 15 %.

Citation: Bamford, H.A., Poster, D.L., Baker, J.JE. Henry’s law constants of polychlorinated
biphenyl congeners and their variation with temperature. to be submitted to J. of Chem. Eng. Data.



Table 1. Literature and measured Henry’s law constants at different temperatures in the
range between 4 °C to 31 °C*

(HLC in Pa m*/mol)
Congener® 4°C 11°C 18 °C 25°C 31°C Literature 25 °C
[Reference]
1 5.28 8.52 13.4 20.8 29.7 28.9(B) 30.2(D92)
(4.29,6.51) (7.39,9.82) (12.0,15.0) (18.1,23.8) (24.7,35.7)
8 6.08 9.94 15.9 249 359 20.3(M83) 24.9(B)

(5.36,6.89) (9.13,10.8) (14.9,17.0) (22.9,27.0) (32.2,40.1) 30.7(D92)

18 8.20 122 17.8 25.5 343 20.3(M83) 58.1(B)
(7.03,9.55) (11.0,13.5) (164, 19.3) (23.1,28.2) (30.0,39.3) 38.5(D88)32.0(D92)

28 132 192 27.4 38.6 511 22.8(B)32.0(D88)
(12.1, 14.4) (18.0,20.3) (26.1,28.8) (363,41.1) (47.0,55.5) 29.0(D92)

29 12.2 182 26.6 382 514 25.3(B)30.0(D92)
(109, 13.7)  (169,19.7) (25.0,28.3) (35.3,41.3) (46.2,57.1)

44 11.9 16.0 214 28.1 352 24.3(M83)32.8(B)
(112,12.6) (154,16.7) (20.6,22.1) (269,29.4) (332,373) 233(D92)

50 29.0 382 496 63.6 78.1  138(B) 61.8(D92)
(24.5,34.5) (34.0,42.9) (45.2,54.4) (56.8,71.2) (67.2,90.8)

52 11.5 16.1 223 304 392 22:3(M83) 53.2(B)
991,133) (146, 17.8) (20.6,24.1) (27.6,33.5) (34.5,44.6) 34.7(D88)32.3(D92)

66 14.0 197 ° 272 37.0 478 842(M83) 13.7(B)
(12.3,15.9) (18.0,21.4) (253,292) (339,40.5) (42.4,53.8) 20.5(D92)

77 447 7.06 10.9 16.5 232 437(B)9.52(D88)
(3.19,6.28) (5.59,8.92) (9.03,13.2) (13.1,20.7) (17.2,313) 10.4(D92)

87 12.8 18.7 269 38.1 50.8  33.4(M83) 19.9(B)
(105,15.5) (164,21.3) (24.3,299) (33.6,433) (42.9,602) 18.6(D92)

101 15.7 222 30.8 422 546  32.7(B)25.4(D88)
(13.5,18.3) (20.0,24.6) (28.4,33.4) (382,46.6) (47.7,62.4) 24.9(D92)

104 39.7 476 56.6 66.8 76.5  185(B) 90.9(D88)
(35.8,44.1) (44.4,51.1) (535,59.8) (62.4,71.5) (69.8,83.8) 75.1(D92)

105 3.04 7.04 15.7 33.7 63.1  10.1(D92)
(1.89,4.89) (5.10,9.73) (12.2,20.3) (24.6,46.1) (41.5,95.9)

118 7.25 127 21.8 36.3 553 40.5(M83) 12.7(D92)
(5.27,9.99) (10.3,15.8) (18.3,25.9) (29.4,44.8) (41.7,73.3)

126 1.00 2.74 7.16 17.9 379 829(D92)
(.660,1.52) (2.07,3.64) (5.72,897) (13.6,23.5) (26.8,54.8)

128 940 335 112 35.5 915 50.7(M83) 6.85(B)
(590,1.49) (2.45,4.58) (8.77,14.4) (26.3,48.1) (61.0,137) 3.04(D88)10.5(D92)

138 2.84 7.52 19.0 46.1 952  48.6(M83) 11.0(B)
(1.82,4.43) (5.56,102) (15.0,242) (344,61.7) (64.3,141) 13.2(D92)

153 271 35.7 46.5 59.8 73.5 35.5(M83) 17.9(B)
(16.2,455) (25.0,51.2) (34.9,62.0) (42.3,84.5) (46.5,116) 13.4(D88) 16.7(D92)

154 17.6 276 42.1 63.2 882  72.1(D92)
(153,204) (24.9,30.5) (38.9,45.7) (57.4,699) (77.6,100)



Table 1. Literature and measured Henry’s law constants at different temperatures in the
range between 4 °C to 31 °C*

(HLC in Pa m*/mol)
Congener® 4°C 11°C 18 °C 25°C 31°C Literature 25 °C
[Reference]

170 130 790 424 211 78.7 19.3(B) 8.85(D92)
(.090, .200) (.590,1.05) (3.39,5.31) (16.1,27.8) (54.6,114)

180 440 207 8.98 36.3 114 30.4(B) 10.9(D92)
(.310..650) (1.61,2.67) (7.34,11.0) (28.4,46.5) (82.2,159)

187 298 8.67 239 63.1 140 42.2(B) 20.5(D92)
(2.03,4.38) (6.67,11.3) (19.5,29.4) (49.0,81.3) (100, 196)

188 16.0 317 60.9 114 189 44.9(D92)
(12.6,20.4) (26.9,37.4) (53.5,69.4) (96.7,133) (153,234)

195 .090 .530 292 14.8 56.1 12.0(D92)
(.050, .160) (.360,.790) (2.15,3.98) (10.1,21.6) (33.8,92.9)

201 1.10 5.18 227 92.6 294 13.2(D92)

(.770,1.58) (4.05,6.63) (18.7,27.5) (73.0,117) (214,404)

*Predicted Henry’s law constants from the linear regression analysis of In H vs. the reciprocal temperature (n=11). 95 % confidence intervals presented
in parentheses.
*Compounds are listed in order of [IUPAC number.

B: Burkhard, L.P., Armstrong, D.E. and Andren, A.-W. Henry's Law constants for the PCBs. Environ. Sci. Technol1985, 19, 590-596.

D88: Dunnivant, F.M., Coates, J.T. and Elzerman, A.W. Experimentally determined Henry's Law constants for 17 PCBs. Environ. Sci. Technol/1988,
22: 448-453. )

D92: Dunnivant, F.M., Elzerman, AW, P.C., J. and Mohamed, N.H. Quantitative structure-property relationships for aqueous solubilities and Henry's

law constants of polychlorinated biphenyls. Environ. Sci. Technol. 1992, 26(8): 1567-1572.

MB83: Murphy, T.J., Pokojowezyk, J.C., and Mullin, M.D. Vapor exchange of PCBs with Lake Michigan: the atmosphere as a sink for PCBs. InPhysical
Behavior of PCBs in the Great Lakes, Mackay, D., Paterson, S., Eisenreich, S.J., and Simmons, M.S., Eds., Ann Arbor Science, Ann Arbor, M,
49-58.



Table 2. Measured enthalpy and entropy of HLC, along with enthalpy of HLC, vaporization, and the
enthalpy associated with the transition from octanol solution to air, taken from the literature.

HLC'= exp(-AHjc /R T + ASyc / R)?

Congener 1 AHg b ASyc° AHy, ¢ (KJ/mol K) AHyp (KJ/mol K) AHg,, (KJ/mol K)
(KJ/mol) (KJ/mol K) [References] [References] [References]

this study this study

1 094 424+3.7 102 +.013

8 098 43.7£22 .108 +.008

18 095 34727 .078 +.009 75 [K&M, 97] 80 [K&M, 97]

28 098 32716 .075 +.005 50+ 6 [TH, 92]

29 097 34.8+20 .082 +.007 76.7 [H&B, 96] 72.6 [F&B, 94]

44 099 258=%1.1 .049 £ .004 81 [K&M, 97] 86 [K&M, 97]

50 087 232%3.0 .048 £ .010

52 094 295+26 .062 + 0.009 52+ 5 [TH, 92] 81 [K&M, 97] 86 [K&M, 97]

66 096 294123 .064 + 0.008 83.3 [H&B, 96] 73.3 [F&B, 94]

77 0.86 402+5.8 .093 +£0.020 87.2 [H&B, 96] 73.3 [F&B, 94]

87 091 334+34 077 +0.012

101 093 29927 .067 + 0.009 86.4 [H&B, 96] 73.5 [F&B, 94]

104 088 146+138 .019 +.006

105 090 763+84 220 +£.029 89.8 [H&B, 96] 89.6 [F&B, 94]

118 090 503+5.7 134+ .019 89.3 [H&B, 96] 89.9 [F&B, 94]

126 093 91.8+10 267+ .035 94.9 [H&B, 96] 93.3 [F&B, 94]

128 096 116=8.1 .355+.028

138 093 88.6x79 264 +.027 91.9 [H&B, 96] 87.8 [F&B, 94]

153 095 653+5.1 A87+.017 91.4 [H&B, 96] 89.9 [F&B, 94]

154 096 393%3.5 101 £.012

170 098 163+74 .507 +.025

180 098 142+6.6 440 = .023 96.5 [H&B, 96] 86.8 [F&B, 94]

187 096 973+6.8 296 +.023 94 [K&M, 97] 89 [K&M, 97]

188 096 61.7+43 181 £.015

195 0.97 165+ 10 510+.035

201 098 14364 451 +.022

*This equation, along with AH,; - and ASy; ¢ values from this table can be used to calculate HLC' for each compound at any temperature
within the experimental temperature range:

® + standard error of the slope.
¢+ standard error of the intercept.



K&M:

H&B:

F&B:

TH:

Komp, P. and McLachlan, M.S. Octanol/air partitioning of polychlorinated biphenyls. Environ. Tox. and Chem.. 1997, 16(12):
2433-2437.

Harner, T. and Bidleman, T.F. Measurements of octanol-air partition coefficients for polychlorinated biphenyls.J. Chem. Eng.
Data. 1996, 41: 895-899.

Falconer, R.L. and Bidleman, T.F. Vapor pressures and predicted particle/gas distributions of polychlorinated biphenyls
congeners as a function of temperature and ortho-chlorine substitution. Atmos. Environ. 1994, 28: 547-554.

ten Hulscher, T.E.M., van der Velde, L.E. and Bruggeman, W.A. Temperature dependence of Henry's law constants for selected
chlorobenzenes, polychlorinated biphenyls, and polycyclic aromatic hydrocarbons. Environ. Tox. and Chem.. 1992, 11: 1595-

1603.



Dr. Per Larsson



Biography not available at time of print



Hudson River Site Reassessment RI/FS. Baseline modelling Report,
Peer Review 3.

Per Larsson
Department of Ecology, Lund University
Lund, Sweden

Fate and transport (HUDTOX)

1. The HUDTOX model links component describing the mass balance of water,
sediment, and PCBs in Upper Hudson. In my view, this is the only way to model
the fate of PCBs in the river. In river systems, the main governing variable for
mass transfer of substances is the water discharge. The principal questions of the
study, the modelling of PCB transport (the load, e.g. g/day) and PCB
concentrations (of main concern for bioavailability, e.g. ng/L) can be addressed by
using these components. There are, however, several other components that are
needed and also included in the model (see further below), and at least one
variable that possibly would have lead to improvements of the model if better
focussed, i.e. the water temperature.

The model (empirical mass balance over time) divide water discharge into two
major categories; low flow (<10 000 cfs, non-scouring conditions) and high flow
(>10 000 cfs, scouring conditions). | agree that this division is a pedagogic good
way to represent the results, and also scientifically sound as movement of
sediment will start to increase at a certain water discharge (although at a
somewhat more gilding scale than precisely 10 000 cfs), determined by the
baseline flow of the river. The major PCB transport occurs at low flow conditions,
that is a major surprise to anybody working with mass transport of substances in
rivers; the highest transport of substances often (always) occur at high flows. |
find it surprising that PCB transport is not governed by water discharge, but | have
not been working in highly contaminated systems like the Hudson River that may
differ from less contaminated ones (Larsson et al. 1990, Bremle and Larsson
1997, Berglund et al. 1997). On the other hand, PCB concentration in the water
has been shown to be inversely correlated to water discharge; a phenomenon
coupled to internal sources of rivers (like contaminated sediment) resulting in PCB
release. This release (see further below) is positively temperature dependent and
mainly occurring at high water temperatures in the summer, when water
discharge is low.

The finding can thus, possibly, be explained by the “behaviour” of the major
source of PCBs; the sediment of Thomson Island Pool (TIP) and nearby
downstream locations. In the summer, at high water temperatures, the highly
contaminated sediment releases PCB, by processes such as desorption,
bioturbation and gas ebolition (not studied in the present investigation). These
processes seem to dominate over sediment resuspension at high flow, thereby
explaining the surprising result that transport of PCBs is higher at low flow. This
has nothing to do with high or low water discharge, and these terms should be
avoided when discussing the transport. The “non scouring” processes that
transfer PCB across the sediment water interface are at work from low to high
water discharges, but is positively affected by water temperature (higher in the



summer). It's confusing that the transport is defined by high and low flows —
despite the fact that discharge has nothing to do with the processes. | would like
to have seen a correlation approach of water temperature and PCB transport at
Thomson Island Dam. | suspect that the water discharge and the water
temperature at Thomson Island Dam are negatively correlated, resulting in an
apparent “low flow” transport.

. The solid mass balance study indicate that TIP and reaches below are net
depositional from 1977 to 1997, and the results are used for burial rates of PCBs.
| agree that TIP and reaches below are net depositional, otherwise we would not
have a problem with PCB in these areas, the sedimentation of PCBs would have
occurred in other reaches of the river. The solid mass balance in relation to
hydrological conditions and water transport rates are indeed penetrated in the
report, explaining scouring- and non-scouring areas of sediment, main stream and
tributary inputs of solids. | find this part of the study so thoroughly discussed that
the focus of the investigation, PCB concentration and transport almost is over
shadowed. The data are in some case small in numbers, and on the boarder-line
in using for a broader context. | do not find that this is essential for the outcome of
the model; the essential part is transport from sediment to water in TIP
(temperature dependent transport) and in downstream reaches and the load of
PCB from upstream sources (Fort Edwards). However, if solid transport from the
upstream reaches would have been high — the outcome would have been another
(and, consequently, justifying the present approach).

. | think that the spatial resolution of the HUDTOX is quite satisfactory. TIP is the
major source for PCBs in the river and the 1000-m segment is, therefore, justified
in comparison with 4000-m segment downstream. | cannot find that spatial
resolution would affect model predictions substantially, the outcome of the model
(e.g. predictions for the future) is mainly affected by other variables, like year to
year measurement (from 1977-1997) of PCB at different locations.

. Is the model calibration adequate? Does the model do a reasonable job in
reproducing the data during the hindcast (calibration) runs? Are the calibration
targets appropriate for the purposes of the study? | see this question as a key to
hindcast and forecast predictions of the PCB fate in the Hudson River. Any
prediction (hindcast or forecast) depend on the data set used in order to describe
the behaviour of the system for the actual time the measurements were carried
out. In this case, data exist for the period of 1977 to 1997. The most important
data for describing the PCB fate in the system are PCB concentrations in the
water. This is the important outcome from all processes, that ultimately also
control PCB uptake in fish. Other variables, like PCB concentration in the
sediment, water discharges, sediment scouring, etc. may help us to understand
the dynamics of PCB in the system in order to do predictions. It is in my view
possible to predict PCB concentrations in the water using other variables, but this
should be done with care and depending on the aim of the calculations. | find that
the database on PCBs from the upper Hudson is quite satisfactory for describing
PCB behaviour during the study period, as effects of water flow, the importance of
TIP as a source, the effects of sediment resuspension etc. When it comes to
predictions over long time periods, | have some comments that need to be
addressed. ,



a) When examining the data set of PCB concentrations in water over time (Table
6.15) the first three years of measurements group together (1977-1979, e.g. Fig.
6.25) and show considerably higher PCB concentration than the following 17 years.
These 3 years will have a major impact on any time trend analysis; any hindcast or
forecast prediction since these years are the basis for the later PCB decline. If data
from these three years were excluded, it would affect PCB decline time trend over the
years substantially; despite if the approach were a time trend analysis or an empirical
mass balance model as HUDTOX. Let us examine the data of the three years,
ignoring the contributing study. The measurements at TIP are not started until 1991,
so the major source area has to be estimated. For Fort Edwards, 3 measurements
are carried out in 1977, 35in 1978, and 53 in 1979. PCB concentration (that is
converted to loads in Fig 6.25) is not that high compared to the rest of the data set at
this location. However, the load is very high at Schulerville, Stillwater, and Waterford
during these three years, approximately 3-5 times higher than the following years. At
these three stations, yearly measurements during 1977-1979 are 12 to 52, a quite
satisfactory yearly number. Yet compared to the total measurements over the years,
these three years represent 60/426 measurements at Schulerville (14%), 102/607 at
Stillwater (17%) and 120/815 at Waterford (15%). If these measurements are biased
in any way, the predicted long-term (70 year) decrease rate will be overestimated. |
feel that this is the case, | don't think that the decrease in PCB load will occur as fast
as the authors predict. As time trend analysis of PCB has been under debate for
biota in the Great Lakes (e.g. Stow et al. 1994) as well as for biota in the Baltic Sea
(Bignert et al. 1995) with the same problem as in the present study (a few, early
years of high contamination), | would have like to seen a strict statistical analysis of
the data to add to the overall picture of the HUDTOX model. Stow et al. (1994) has
suggested a good approach to such an analysis.

b) | have a problem with the model assumptions (calibration?). As far as |
understand, the underlying data to take the overall model approach is generated at
Fort Edwards, simply because this station has the largest data bank. | want to point
out that the sources for PCBs at Fort Edward may well differ substantially from the
source contribution of TIP. The sediment contamination at the pool will possibly result
in other conclusions of, for example, relationships with water discharge and water
temperature as found for data at Fort Edwards. Being a major source, the TIP data
could be examined more thoroughly, although the measurements start at a more
recent point in time (in 1991).

5. The empirical coefficient for sediment to water transport is from my point of view
derived correctly (by simply calculating the difference between PCB
concentrations of outgoing water from e.g. TIP to that of incoming water and
compensate for time, sediment area and water discharge. | agree that the
mechanisms underlying the transport is not fully understood and therefore cannot
be modelled mechanistically. | don’t find it important for the approach of PCB fate
in the upper Hudson. | can, however, think that it is important for predictions of
PCB fate in the future. | want to stress that the PCB transport from sediment to
water seems to be temperature dependent in TIP and nearby downstream areas,
yet this variable has not been enough examined. To forecast PCB concentration
in the future, not knowing the mechanisms for the major sediment to water load, is
not without objections. It creates an uncertainty of the long-term predictions.



8.

| think that the majority of factors important for the PCB fate in the upper Hudson
have been accounted for. No model can account for all factors. | have already
pointed out that | think that water temperature is important and it has also been
indirectly accounted for in the model by seasonal changes in PCB concentration
and transport. ’

Using the model in a forecast of 70 years indeed requires a number of
assumptions regarding important variables. | think that the hydrograph forecast is
quite reasonable, and | would like to answer the question of larger events to the
following question of the 100-year flood event. | have above explained what |
think is important in a future forecast. | don'’t object to predictions of variables
examined within the model (as future water flows, sediment loads, and upstream
boundaries of PCBs). My objections are mainly focussing on time — is the
observation pattern over the 20 years of study enough to predict a 70-year future
scenario? | would say yes if the database had included a larger number of yearly
measurements when PCB load was high (now represented by the years 1977-
1979). | would say no, if the database don't, as is the present situation. This does
not mean that | find the present model work carried out erroneously, it's simply not
possible to make a 70-year prediction without high uncertainty. The predictions of
seasonal oscillations that decrease on a long term is sound, but the point in time
when the oscillation approach upstream PCB concentrations (modelled at 0, 10
and 30 ng/L) is uncertain. | understand that the predicted scenarios have a
pedagogic strength, but | find several objections to state that the PCB
concentration will reach background in 30 years. Such a statement is coupled with
high uncertainty (that often is missing when the statement is referred in, for
example, media). The model is sound for describing the PCB fate in the upper
Hudson during the 20 years of study, it can well be used for hindcast of PCB
concentrations at locations that lack data, it can be used to predict that PCB
concentration will decrease in the future according to seasonal patterns, but |
think it is going too far to state details in that decrease.

| would like to answer this question in a broader context. We have today in the
upper Hudson and nearby downstream reaches a high contamination of PCB in
the sediment. In a long-term scenario, this contaminated sediment will spread
downstream according to a “pulse”. The pulse will broaden from a relative small
stretch of the river, the sediment of TIP and nearby downstream reaches, to
include a longer part of river sediment, depending on the time that has passed.
The longer the time that has passed, the longer the stretch containing PCB
contaminated sediment. As the sediment are redistributed downstream the river,
concentration of PCB will decrease as a result of dilution by less contaminated
solids. This will result in decreased concentration of PCB in the water. As the
Hudson River is regulated, no natural meandering will occur, and consequently,
no contaminated sediment will be deactivated in riverbanks as a result of a
changing water channel. | have no problems in understanding that some
sediment areas will show decrease in PCB concentrations, some sediment areas
downstream will show substantial increase in PCB concentration and a
subsequent higher transport to the water. Processes such as long-time sediment
scouring will reveal lower sediment layers of higher PCB concentration, even if
the area is net depositional. As a forecast do change according to initial data input



(whether it's GE data or not) in it's details, the overall conclusions remain the
same (which for me is the important issue).

From a model point of view, the distinction between cohesive and non-cohesive
sediment areas is a good approach. | further agree to that the average speed of
the water current will affect bottom-material in the non-cohesive areas in a way
that an “armour” layer will develop; a surface layer containing similar sized
particles (coarse patrticles). | find no objections to the model assumptions of net
depositions; in fact | find the reasoning interesting and valid. The extent of the
vertical mixing will differ substantially within and between areas and again | find
that the authors have properly addressed this problem. As for the empirical
sediment-water exchange coefficient | agree to the proposed underlying
mechanisms, however, these mechanisms have not been investigated. In the
long-term response of the model, or when the model is used for future predictions,
it is not satisfactory that the most important coefficient (the transfer of PCBs from
the sediment of TIP and nearby sediment areas) is just empirical. A substantial
change in any of the proposed mechanisms; as the number of macroinvertebrates
(bioturbation), redox-conditions (gas ebolition) or a mechanisms that is important
but not recognised (e.g. microbial mineralisation of organic matte, desorption)
may influence future transport. Empirical coefficients that are composed of
several mechanisms (rates) are not good predictors, as the behaviour is unknown
but linked to other variables (as water temperature).

10.1 have dealt with the three-phase equilibrium partitioning in the previous review

11.

report. As stated then, | find that the approach is too sophisticated and the data
insufficient (e.g. organic carbon in water) to be used. | also think that it is
unnecessary.

| think this question is connected to question 8. | have no problem to understand
that TIP is net-depositional under a long-term perspective that would lead to a
sequestering-process of PCB in the sediment. Under some conditions particle
redistribution will occur within the pool that may transfer PCBs to some areas and
deposit PCBs in other. TIP is situated within a river, and is not an accumulation
area of a lake. Looking at transport of PCBs within TIP or out from the pool, the
extent of the transport is of the magnitude that cannot solely be explained by
diffusive transfer over the sediment water/interface. The transport is in my view,
connected with particle resuspension. If | speculate, | can imagine that PCB
contaminated particles are transported slowly just above the sediment surface,
being deposited and again redistributed in a cycle, that resuit in very slow
movement downstream (bed-load transport, Allan 1995). Such a transport may
well not be recognised in a program of water sampling of PCBs. So for me there
is no conflict in the results, but it is possible that there are processes within
Hudson River that have not been accounted for.

12.The 100—year flood was estimated to be 47 330 cfs (1280 m%/s). At Fort Edward

(1977 — 1997) discharge reach over 30 000 cfs (810 m®/s) in some years.
Consequently, the 100-year flood increases water discharges with about 50% of
the flow under “normal” years. If so, | agree to the conclusions drawn; that the
100-year flow will not have a major impact on the long-term trends of PCB in the
upper Hudson. The effect will be limited to a comparably short period, and



transient in nature. Hudson River is regulated, and | cannot conclude if the 100-
year discharge scenario is realistic or not (I would suggest it is, in thought of the
expertise involved).

Bioaccumulation models

1.

| think the FISHRAND model captures a major part of the processes that are
important to understand PCB uptake in fish of the upper Hudson River. The
uptake is driven by concentrations of PCB in the sediment and, consequently, in
the water. The general approach to divide factors in non species-specific (abiotic
factors would maybe have been better) and species-specific ones is good, and
makes the reader understand what is important. | also like the build-up of the
reasoning, with a statistical approach first (the bivariate BAF model), followed by a
more advanced “probabilistic “food chain model and finally the FISHRAND model.
There are some observations that are not accounted for (or explained) as the
sharp decline in PCB levels for fish from the period 1977-79 to 1980 (see general
question 4 below). How can levels decrease that fast in a long-lived population of
fish as large-mouth bass? There are also limitations in the fish pollutant data-base
that in my view is serious as: i) data gaps for the early years for fish in TIP and
gaps in data from other locations ii) age and sex of fish were not determined.
When making long-term predictions, you understand how important “background”
contamination is, i.e. the upstream concentrations of PCB in the water (0 ng/L, 10
ng/L and 30 ng/L). In the forecast, the key question is when the exposure of the
sediment sources of TIP and downstream areas have decreased in a way that
background (upstream conditions) are approached. For me, this is a very
complicated question, that make the time-scenario more complex than just a few
PCB scenarios of 0 ng/L, 10 ng/L and 30 ng/L. | do, however, recognise the
pedagogic strength of the reasoning.

| think the calibration of the model was properly addressed. There is a more
important question, though, and that is the verification of the model. On page 73-
74, a sensitivity analysis is described and summarised in a table. | would like to
have seen some practical examples here, if you substantially change some
variables as growth rate, percent lipid in fish or uptake efficiency what will happen
to the outcome of the model? | understand that the “sign of derivative” has some
information value in this respect — but | would have liked to see some scenarios of
this kind. Further, it would have been nice to have seen a data set from another
river (an independent data set) put into the model and runned.

As stated in the beginning, | like the approach with a statistical approach first (the
bivariate BAF model), followed by a more advanced “probabilistic “food chain
model and finally the FISHRAND model. | think the results supports the
FISHRAND model, although the different approaches all have some limitations. |
don’t find any principal problem with FISHRAND. | don’t think that FISHRAND is a
pure mechanistic model, however, since it in some respects relies on empirical
findings (like the sediment and water concentrations and relationships between
them, like the effect of temperature, fish lipids and distributions, etc.)

The assumption of 756/25 fish distribution over cohesive and non-cohesive
sediment is in my opinion not important. If the model outcome is sensitive to this



relationship, and would come to a completely different outcome assuming a 60/40
distribution, | would be very cautious in any interpretation.

5. | would say that you have to make assumptions about “principal” fish foraging in
different year classes (size-distributions). It's a very narrow, scientific question
(interesting, though) to address if e.g. large-mouth bass >20 cm can be a
specialist in foraging behaviour (say feeding mainly on crayfish versus feeding
solely on small fish). If so, such relationship may help to explain why
concentrations of persistent pollutants in an age-class of predatory specie vary up
to one order of magnitude. However, for the purpose of this study this is out of
focus and the approach therefore reasonable.

General Questions

1. The level of temporal accuracy in the models, in predicting the time required for a
given species to reach a certain concentration of PCB (in a certain river stretch) is
my major concern of the two studies. There are several factors that affect the
judgement of how accurate predictions over a long time scenario can be, such as:
a) Rivers are far less studied than lakes in the respect of persistent pollutants in
biota b) Time trends for persistent pollutants in biota is a matter of debate c¢) The
strength of the governing sources of persistent pollutants (internal or external) to
aquatic ecosystems does not change systematically over time. | do not object to
the models themselves, but | would be careful when addressing long-time
scenarios. To state that “asymptote is approached in roughly 2039” (page 100,
summary and conclusions, volume 4D) may be a correct outcome from the model.
However, can “roughly” be combined by a certain year as 20397 Is the year
interval 5 years around 2039, or 107 | think that the authors are well aware of the
uncertainties in such a statement, but it may easily be interpreted erroneously by
a non-specialist.

2. The uncertainties of the models have been continuously addressed in the reports.
When coming to the summary sections, however, uncertainties are not focussed. |
can understand why; when major findings are reported you don'’t want to constrain
these findings by using words as “may”, “under the options of’, “this forecast is
only valid under...", “the year when concentration in water reach an asymptote
should only be seen as approximate....”, “the data-base on yellow perch is far
less than for large-mouth-bass and, therefore,...”. It's a delicate matter to write
summary sections, not to become vague but at the same time showing the reader
that the results may suffer from uncertainties. In my view models help people to
understand how the system is functioning, how the overall processes are
interacting, and how this information can be used in predictions. There are always
uncertainties connected to models (that affect the outcome), and this should be

clarified for the non-specialist (more a pedagogic problem).

3. | think that the models capture the big picture of PCB fate in the upper Hudson
River. Levels will decline over time as forecasted principally by the model. It could
possibly be stressed that decline in one area of the river mean an increase of
PCB in another, downstream reach of the Hudson. The upper parts are not
isolated from the rest of the river, and this need to be considered in the “big
picture”. If the polychlorinated biphenyis are not broken down, a decrease in the



sediment of TIP means a downstream transport or volatilisation, that will mean an
export of pollutants from the system — not a total disappearance.

4. When examining the data (from water and sediment and from fish) underlying the
approach of modelling and predictions, there is a striking difference between the
years 1977-79, and the following years. This can be exemplified by the PCB data
from fish (several species), where the decrease from 1977-79 to 1980-82 is a
factor 3-4 (e.g. from ca 1800 to 600 for brown bullhead, from 4500 to 1000 for
large-mouth bass). How can concentrations of PCB decrease that sharp in a
population of fish that are rather long-lived? Some of the more heavily exposed
fishes must survive to the “next” capture year? The phenomenon can also be
seen for PCB load (river water) measured at three stations in the upper Hudson.
PCB load is substantially higher in 1977-79 compared to the following years. This
is not, however, reflected at the uppermost station at Fort Edward where the PCB
load has decreased to a lesser degree and at a more steadily over time. To me,
this suggests two scenarios, one valid for the upper Hudson until 1979, and
another from 1980 and onward. Suggesting that the sediment of TIP is the major
source for PCB during the 20 year period; | cannot understand the sudden
decrease from 1979 to 1980. The more steady decrease from 1980 and onward
seems logic to me, as sediment and PCB in the water are transported from TIP
and downstream.

Recommendations
| find the two reports acceptable with minor revision as indicated above.
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Fate and Transport (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water,
sediment, and PCBs in the Upper Hudson. Are the process representations of
these three components compatible with one another, and appropriate and
sufficient to help address the principal study questions?

The processes represented by the main components of HUDTOX are as follows:

(a) Mass Balance of Water: continuity, advection, gravity, bed friction (shear), and
turbulent exchange:

(b) Mass Balance of Sediment Solids: settling, flow-driven resuspension, sediment bed
particle mixing, scour and burial.

(c) Mass Balance of PCBs in water column: advection, dispersion, upstream and
tributary loading, settling, re-suspension, equilibrium sorption (particulate and DOC-
bound), volatilization, and sediment-water diffusion (truly dissolved and DOC-
bound).

(d) Mass Balance of PCBs in sediments: settling, re-suspension, sediment-water diffusion
(truly dissolved and DOC bound), equilibrium sorption (particulate and DOC-bound),
de-chlorination, particle mixing, and surface-subsurface sediment diffusion (truly
dissolved and DOC bound).

The process representations of these components are compatible with each other, in terms
of the level of details and theoretical basis. In my opinion, HUDTOX forms a
comprehensive framework for the representation of the most significant processes
affecting the PCB distribution in the Upper Hudson River, and is adequate to address the
principal questions of the study.

2. The HUDTOX representation of the solids mass balance is derived from several
sources, including long-term monitoring of tributary solids loads, short-term
solids studies and the results of GE/QEA’s SEDZL model. The finding of the
solids balance for the Thompson Island Pool is that this reach is net depositional
from 1977 to 1997. This finding has also been assumed to apply to the reaches
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below the Thompson Island Dam. Is this assumption reasonable? Are the burial
rates utilized appropriate and supported by the data? Is the solids balance for
the Upper Hudson sufficiently constrained for the purposes of the
Reassessment?

On the Solids Balance

In developing the long-term solids balance for HUDTOX, daily average TSS
concentrations from the upstream at Fort Edward and from all tributary inputs are to be
supplied for the entire calibration period (1977-1997). Unfortunately, only the following
very limited data was available:

(@) 11% of data at Fort Edward;
(b) Less than 2% of data for tributaries.

As a result, estimates of the data must be supplied, and they were mainly provided for
from rating curves. The Fort Edward’s sediment rating curve was found to be flow and
time-stratified (Fig. 6-14) and the data available for the two time periods (1977-90 and
1991-97) was substantial. However, the data for the tributaries was so scarce that
basically all calculations were performed with the information from three so-called
“reference” tributaries:

(a) Moses Kill - for tributaries between Fort Edward and Stillwater;
(b) Rattan Kill - for the tributary Fish Creek;
(¢) Hoosic River - for tributaries between Stillwater and Waterford.

This approach did not result in a sediment balance for the period from 1977 to 1997, and
so some artificial adjustment was performed to force the balance. With these input, the
mainstem sediment passing Stillwater and Waterford were used as model calibration
targets.

There are two major problems with the approach:

1. Whereas flow only increases by 1.5% between Fort Edward and Waterford, the solids
load increases by a factor of 5.7. This indicates that a lot of the TSS actually entered
from the tributaries. Unfortunately, the amount and location from which they enter
were all estimated from very frivolous relations. The cumulative effect of these
assumptions was only checked against the TSS at the two calibration locations, with
no information provided in the reaches in between. This does not allow for an
adequate description of the 470% increase in sediments for the Upper Hudson River.

2. PCB is a hydrophobic substance with a high tendency of partitioning to sediments.
The ultimate concentrations of PCB in the water and sediments depend heavily on the
exact amounts of TSS for each study segment. With the amount of uncertainty in the
TSS values, the spatial resolution of PCB calculations is not supported.
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On the Net Depositional Issue

The net depositional conclusion for the Thompson Island Pool is accurate. From the data,
the burial rates for cohesive (0.24 - 1.50 cm/yr) and non-cohesive (0.04 — 0.10 cm/yr)
sediments are very reasonable estimates for the Upper Hudson River. The values for the
Thompson Island Pool (0.65 and 0.07 cm/yr for cohesive and non-cohesive sediments
respectively) also compare reasonably well with the independent SEDZL calibration
values (of 0.81 and 0.03 cm/yr).

3. HUDTOX represents the Upper Hudson River by segments of approximately
1000 meters in length in the Thompson Island Pool, and by segments averaging
over 4000 meters (ranging from 1087 to 6597 meters) below the Thompson
Island Dam. Is this spatial resolution appropriate given the available data? How
does the spatial resolution of the model affect the quality of model predictions?

Both the TSS and PCB concentrations were monitored at only five locations on the
mainstem of the Upper Hudson: Fort Edward, Thompson Island Dam, Schuylerville,
Stillwater and Waterford (Figs. 6-9 and 6-19). In light of this, the spatial resolution used
in HUDTOX is appropriate. In addition, the segment sizes were judiciously selected with
consideration of the locations of tributaries, locks, dams, and USGS gaging stations. In
the problematic Thompson Island Pool area, a two-dimensional segmentation was used to
differentiate between areas with cohesive and non-cohesive sediments. Furthermore, each
segment contains a water column and 13 layers of 2-cm sediment layers. These are all
important considerations that would help to ensure accurate model predictions.

4. Is the model calibration adequate? Does the model do a reasonable job in
reproducing the data during the hindcast (calibration) runs? Are the calibration
targets appropriate for the purposes of the study?

For the Model Calibration (1977-1997)

The model was simultaneously calibrated for the period of 1977-1997 against the
following target data sets:

(a) Tri+ surface sediment concentration;

(b) Measured solids burial rates from dated sediment cores;

(¢) Computed solids burial rates from a sediment transport model;
(d) In-river solids and Tri+ mass transport at high and low flows;
(e) Solids and Tri+ water column concentrations.

Only four model parameters were adjusted during calibration: gross settling velocities
into cohesive and non-cohesive sediment areas; re-suspension rates from non-cohesive
sediment areas; depth of particle mixing in the sediment bed; and the magnitude of the
sediment particle mixing.
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In my opinion, the calibration was very thorough and conservative, and should be
deemed adequate for the model. The calibration targets when assessed with a weight-of-
evidence approach do provide a good picture of the different elements of the model
performance, and is extremely suitable for the nature of the study.

For the Model Hindcast (1991-1997)

To obtain simultaneous good comparison with data for all the five congeners and total
PCBs at TID, two adjustments were required in the model hindcast runs:

(a) Sediment partition coefficients were computed from the GE 1991 sediment core
composite data (USEPA, 1997). This improved the model fit greatly for BZ#4.

(b) Separate particle and porewater-based sediment-water mass transfer coefficients were
used. This improved performance of the BZ#4 and total PCBs while showing
reasonable results for other congeners.

The results after these two adjustments, as given in Fig. 7-66, were very good for all
congeners.

Other comparisons performed (and the observations) included:

(a) Comparison for other downstream locations (Schuylerville, Stillwater, and
Waterford) for the period 1991-1993 (satisfactory).

(b) Comparison to GE summer 1996, 1997 float data collected from TIP down-river, for
RM 194.5 to RM 188.5 (very good).

(¢) Comparison to GE data of (BZ#28/BZ#52) at Fort Edward, Thompson Island Dam,
Schuylerville, Stillwater and Waterford, for summer and non-summer conditions, as
well as high and low flows (acceptable, but with model over-estimating frequently).

The hindcast runs were instrumental in discovering new insights concerning partition and
mass transfer coefficients for different congeners. It also demonstrated the wide range of
application of HUDTOX on different congeners. For the congeners with environmental
behavior different but similar to Tri+ (i.e. BZ#28 and BZ#52), the excellent results from
the hindcast provides added confidence on the model performance. In essence, the
hindcast runs are quite thorough and have done a good job at reproducing the data.

5. HUDTOX employs an empirical sediment/water transfer coefficient to account
for PCBs loads that are otherwise not addressed by any of the mechanisms in the
model. Is the approach taken reasonable for model calibration? Comment on
how this affects the uncertainty of forecast simulations, given that almost half of
the PCB load to the water column may be attributable to this empirical
coefficient.

The empirical sediment/water mass transfer coefficient was based on a simple one-step
mass balance of the PCB gain across the TIP, by treating the entire TIP as a black box,
according to Eq.6-25, on p.119. The values of the mass transfer rate, k;, were then
calculated for pairs of data from 1993-1997 and plotted against the days of Julian year.
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This premise is flawed in that it assumed implicitly that of all the processes affecting the
PCB gain in the water column across the pool, the sediment/water mass transfer always
plays a similar role at around the same time of year. An inspection of the transfer
mechanisms for dissolved phase (5 in total) and particulate phase (4 in total) on p.115-6
of the report indicates that the premise is too simplistic. As a result, the data produce a
widely scattered plot on Fig. 6-55, for which one can easily fit another trend with the
same statistical performance.

Furthermore, the entire time series of annual k¢-values produced from the fit was applied
for the 1977-1997 calibration, and then again repeated for the 70-year forecast
simulation. If the process is so significant as to contribute 50% of the total PCB
concentrations of the water column, the approach should warrant more research.

In conclusion, I have serious doubt over the validity of the approach, and the net effect of
50% from this single process to the water column PCB load also seems highly unrealistic.

6. Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or
other debris, temperature gradients between the water column and sediments,
etc.) that have the potential to change conclusions drawn from the models?

No, in my opinion all the important processes have been explicitly modeled. As a matter
of fact, some of these other processes mentioned are too localized and random in
occurrence, to be formulated within the time and spatial framework of the model. To me,
the inclusion of too many “frivolous” processes will add unnecessary uncertainties in the
model, and may even obscure the implications of significant processes from the model
output.

7. Using the model in a forecast mode requires a number of assumptions regarding
future flows, sediment loads, and upstream boundary concentrations of PCBs.
Are the assumptions for the forecast reasonable? Is the construct of the
hydrograph for forecast predictions reasonable? Should such a hydrograph
include larger events?

Nobody can predict the future accurately, and the formation of the hydrograph from a
time series of randomly selected annual hydrographs from record, and repeating the
simulations for four different series, is very reasonable. Solids load assumption of a
similar pattern to recent record (1991-1997) is also a sound one. Upstream boundary
concentrations of PCBs of 0, 10, and 30 ng/L. were used in the simulations. However, the
values from GE data for 1997 and 1998 were 9.9 and 30.4 ng/L (see p.158, Book 1 of
RBMR), respectively, and those were the “better” years in recent history according to
Fig. 8-3! Therefore, the upper bound value of the simulations is under-estimated and a
bigger range of say 0 to 50 ng/L. may prove to be more realistic.
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8. (Note : separate answer are provided to the two parts of this question)

(a) The 70-year model forecasts show substantial increases in PCB concentrations in
surface sediments (top 4 cm) after several decades at some location. These in
turn lead to temporary increases in water-column PCB concentrations. The
increases are due to relatively small amounts of predicted annual scour in
specific model segments, and it is believed that these represent a real potential
for scour to uncover peak PCB concentrations that are located from 4 to 10 cm
below the initial sediment-water interface. Is this a reasonable conclusion in a
system that is considered net depositional?

Given the relatively long time frame of the forecast, this is a reasonable and logical
conclusion. Even though the river was in general net depositional, local scour will occur
at locations where the shear stress is high. When this is considered in light of the
information from the sediment cores, the cumulative effects of the scour could possible
result in exposure of deeper PCB reserves in the system.

(b) After observing these results, the magnitude of the increases was reduced by
using the 1991 GE sediment data for initial conditions for forecast runs. Is this
appropriate? How do the peaks affect the ability of the models to help answer
the Reassessment study questions?

I agree with the comment from the report, on p.160 of Book 1, concerning these
increases: that the magnitude is very small when compared in the context of historical
observations. Therefore, the peaks should not have any significant effects on the ability
of the model to answer the Reassessment study questions.

Concerning the initial conditions for the sediment data, the end results of the 1991-1997
model hindcast were used as input for the initial conditions. In effect, this corresponds to
initializing the forecast simulations with measured conditions in 1991, so that the first
period (1991-1997) of the “forecast” may be validated by real data. This approach utilizes
the most recent and reliable dataset to begin the model forecasts, and seems to be an
excellent choice.

9. The timing of the long-term model response is dependent upon the rate of the net
deposition in cohesive and non-cohesive sediments, the rate and depth of vertical
mixing in the cohesive and non-cohesive sediments and the empirical sediment-
water exchange rate coefficient. Are these rates and coefficients sufficiently
constrained for the purposes of the Reassessment?

On the Rate of Net Deposition

The rates of net deposition in cohesive and non-cohesive sediments were obtained from
the 1977-1997 long-term model calibration. In general, the computed burial rates for
cohesive sediments (0.24-1.50 cm/yr) are an order of magnitude larger than that of non-
cohesive sediments (0.04-0.10 cm/yr). These values compare favorably with the SEDZL
model results, and are sufficiently constrained for the Reassessment.
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On the Vertical Mixing

Vertical mixing rates were determined for cohesive and non-cohesive sediments, for the
TIP and downstream (TIP to Federal Dam) reaches, based on core depth profiles,
expected biological activities, and calibration of sediment Tri+ concentration temporal
trajectories. Individual values of these rates were summarized in Table 7-1.

The mixing depths were computed from long-term calibration as:
— 10 cm in cohesive sediments in all reaches;
— 6 c¢m in non-cohesive sediments in TIP;
— 4 c¢m in non-cohesive sediments downstream of TID.

These values seem appropriate, and are sufficiently constrained for the purpose of the
Reassessment.

On The Sediment-Water Exchange Coefficient

Please refer to comments for Question 5.

10. The HUDTOX model uses three-phase equilibrium partitioning to describe the
environmental behavior of PCBs. Is this representation appropriate? (Note that
in a previous peer.review on the Data Evaluation and Interpretation Report and
the Low Resolution Sediment Coring Report, the panel found that the data are
insufficient to adequately estimate three-phase partition coefficients.)

The equilibrium partitioning of PCBs into the three phases: particulate, DOC-bound, and
truly dissolved, is an appropriate and even necessary approach in the current application
for two reasons.

Firstly, the model was applied to Tri+ PCB, total PCB, and five other congeners.
Whereas the partition to the DOC-bound phase is small (<10%) for the heavier congeners
(mostly Trit) in the water column, it is quite significant (up to 50%) for the mono- and
di-chlorinated congeners. Therefore, the framework of HUDTOX must be comprehensive
and general enough to allow for the predictions of all the congeners being investigated.

Secondly, in the first Reassessment question, the bioaccumulation of PCBs in the fish
population is of interest. The two most significant pathways by which PCBs enter into
fish bodies are from contaminated diet and water (during respiration intake). Since truly
dissolved PCBs are usually more readily bioavailable than those sorbed to DOC, the
three-phase approach will allow for a more accurate representation of PCB accumulation
to biota across different trophic levels. When the PCBs representation in the lower
trophic level organisms (mostly preys) are accurate, the predictions for top-predator fish
will be greatly enhanced. I feel that the use of a two-phase partition model (with the
omission of the DOC-bound phase) will probably produce a cumulative effect resulting in
an under-estimation of PCBs in the higher level fish. In addition, the results from the
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three-phase partition may be converted conveniently to that of two-phase, with dissolved
concentration being the sum of DOC-bound and truly dissolved concentrations. The same
will not apply to the opposite direction.

11. HUDTOX considers the Thompson Island Pool to be net depositional, which
suggests that burial would sequester PCBs in the sediment. However, the
geochemical investigations in the Low Resolution Sediment Coring Report
(LRC) found that there was redistribution of PCBs out of the most highly
contaminated areas (PCB inventories generally greater than 10 g/mz) in the
Thompson Island Pool. Comment on whether these results suggest an inherent
conflict between the modeling and the LRC conclusions, or whether the
differences are attributable to the respective spatial scales of the two analyses.

The Thompson Island Pool is net depositional according to HUDTOX, which implies that
overall the sediment settling is more than the re-suspension on a pool-wide scale. Even
so, local scouring may occur when the shear stress is high enough, and this was
corroborated by the independent SEDZL sediment transport model and the LRC
geochemical data. Therefore, I do not see any conflict between the modeling and the LRC
conclusions.

12. The model forecasts that a 100-year flood event will not have a major impact on
the long-term trends in PCB exposure concentrations in the Upper Hudson. Is
this conclusion adéquately supported by the modeling?

In the modeling, the effect of the 100-year flood was simulated with the replacement of
one of the events with the 100-year peak flow, during the spring of the first year when
PCB concentrations are at its worst. The conclusions drawn form this run, which shows
that the impact is short-lived and minimal, were supported by the modeling results. There
are, however, two potential problems with the approach:

(a) The spring flow in the first year was scaled up approximately 4 times (Q, increases
from 21,339 to 47,330 cfs at Fort Edward) to represent the peak flow of the 100-year
event, but the duration of the storm was kept constant. The merit of this approach is
questionable, in that most bigger floods do not have only higher peaks, but longer
duration and higher flow volumes than smaller ones.

(b) Sediment core data indicate that much of the PCB reserves in the sediments are
buried at deeper locations. Should the 100-year flood have occurred at a later time,
when localized scour has brought the reserves closer to the surface, then the effect
may be much more pronounced than currently predicted. This scenario was not
considered in answering the Reassessment question 3, but should definitely be
included because potential problems may be significant.
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Bioaccumulation Models

1. Does the FISHRAND model capture important processes to reasonably predict
long term trends in fish body burdens in response to changes in sediment and
water exposure concentrations? Are the assumptions of input distribution
incorporated in the FISHRAND model reasonable? Are the spatial and temporal
scales adequate to help address the principal study questions?

The main processes represented in FISHRAND affecting the concentration of PCBs in
fish bodies are:

(a) gill uptake from water column

(b) dietary uptake (both sediment and water-based)
(c) gill elimination (respiration)

(d) fecal egestion

(e) growth rate-related dilution

These should be sufficient to describe the long-term trends in fish body burdens in
response to changes in sediment and water exposure concentrations.

The model was run for transects at River Miles 189, 168, and 155, with water and
sediment concentration input directly adopted from forecasts of HUDTOX. This spatial
scale, which corresponds to the Thompson Island Pool, Stillwater, and Waterford
respectively, allows the effects of PCBs on the fish at the most contaminated area (TIP)
as well as reaches downstream be studied. The simulation was performed with a time
interval of a month, with mean monthly dissolved water concentrations and annual
average sediment concentrations. Even though these spatial and temporal scales are not
very aggressive, they are adequate to describe the typically slow response of fish body
burdens to environmental changes.

2. Was the FISHRAND calibration procedure appropriately conducted? Are the
calibration targets appropriate to the purposes of the study?

The first step of calibration for FISHRAND involved a sensitivity analysis, from which it
was determined that the most significant parameters to be used for calibration are: TOC,
Kow (which affects uptake efficiency, PCB partitioning, and excretion rate), growth rate
coefficient, and percent lipid in fish. This was followed by preparation of estimates of the
central tendency and distributions for each of the input parameters. The last step was the
formal calibration by application of the Bayesian updating procedure to obtain posterior
estimates of distributions. The model results are compared to Tri+ concentrations in fish
tissues for comparison.

As for location, FISHRAND was calibrated for Stillwater (RM 168) and then applied to
the other two locations. For the downstream location at Waterford (RM 155) the
parameters were found to be acceptable, but “adjustment” (see p. 73, Book 3 of RBMR)
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had to be made to the TIP (RM 189) to reflect changes in some environmental factors.
Unfortunately, the exact nature of the adjustment and reasoning were not given. This is a
significant oversight as the most problematic area in the Upper Hudson also happens to
be at TIP.

The calibration target was to produce a set of environmental parameters (common), and
fish parameters (species-specific), that give a good match to measured data. Judging from
the overall scheme, I think that the calibration approach was adequate. However, I should
add that some of the procedures were not explained too clearly in the calibration, and
therefore I do not feel confident to suggest that a proper calibration was performed and
documented.

3. In addition to providing results for FISHRAND, the Revised BMR provides
results for two simpler analysis of bioaccumulation (a bivariate BAF model and
an empirical probabilistic food chain model). Do the results of these models
support or conflict with the FISHRAND results? Would any discrepancies
among the three models suggest that there may be potential problems with the
FISHRAND results, or inversely, that the more mechanistic model is taking into
account variables that the empirical models do not?

The bivariate BAF model is a very crude statistically-based attempt at correlating the fish
PCBs concentrations to those of water and sediments. I really do not see very much value
in the exercise. Firstly, it did not provide us with much in terms of new insight. The
analysis on data for six fish species resulted in these finding:

(a) For Brown Bullheads, which typically has a larger sediment-derived food component,
the PCBs in the fish depends strongly on sediment concentrations;

(b) For Pumpkinseed, White Perch and Yellow Perch, whose diet composed of a large
fraction of water-borne Epiphytes, their PCBs levels are more strongly related to
water column concentrations;

(¢) For Largemouth Bass, which has a more mixed diet, the PCBs in the fish depends on
both water and sediment concentrations.

Secondly and more important, it does not allow for the effect of the biomagnification
process through diet uptake, a process which has been widely accepted as the most
significant for prediction of fish body burdens. Therefore, if any statistical correlation are
to be performed, the diet’s contamination pattern should definitely be included as an
independent variable.

As for the empirical probabilistic food chain model, distributions for the bioaccumulation
factors between the model compartments were obtained from mean summer-averaged
data. It was stated repeatedly in the report that the application should be reserved strictly
for long-term quasi-steady state conditions — and never be applied for short-term forecast
to fluctuating water column and sediment concentrations. Therefore, it is not an amenable
study tool with the HUDTOX’s daily forecasts. Even when all the averaging on PCB
concentrations are performed from HUDTOX output, the final forecast as given in Figure
5-9 is not doing too well a job with predicting the long-term trends.
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In conclusion, I feel that the mechanistic approach in FISHRAND is much more realistic
in its representation of the most significant processes affecting bioaccumulation in fish.
Both of the other approaches do not add very much to the final conclusions of the study.
This is especially true when the modeling framework for data, processes, food-chain
compartments, PCB congeners, species etc., are all inconsistent among the three methods.
In fact, I am doubtful if any meaningful comparison of the results is even feasible.

4. Sediment exposure was estimated assuming that fish spend 75% of the time
exposed to cohesive sediment and 25% to non-cohesive sediment for the duration
of the hindcasting period. The FISHRAND model was calibrated by optimizing
three key parameters and assuming the sediment and water exposure
concentrations as given, rather than calibrating the model on the basis of what
sediment averaging would have been required to optimize the fit between
predicted and observed. Is the estimate of sediment exposures reasonable?

The 75-25 division of exposure among cohesive and non-cohesive sediments is a very
questionable approach. There is no evidence in the report that indicates that this was a
well-researched and/or widely accepted value. It was simply stated on p.28 of book 3 that
fish (except for white perch), on the average, spend 75% of time over cohesive
sediments. In sharp contrast to these numbers, according to section 4.3.1.1 on p. 33 of
Book 1 of the RBMR report, the actual area of non-cohesive sediments in TIP is
approximately three times that of cohesive sediments. Certainly this should somehow
affect the exposure ratio, but apparently it was overlooked. With this “75-25
assumption”, all the sediment concentrations were calculated from HUDTOX forecasts as
weighted averages between the two types of sediments.

It should be pointed out that there are major implications of these calculations. Since the
cohesive sediments are in general a lot more contaminated than the non-cohesive ones,
the final values of sediment concentration will vary over quite a range depending on the
choice of this division. Therefore it should be treated as one of the highly suspicious but
important parameters, and be subject to more investigation, careful calibration and even
sensitivity analysis.

5. The FISHRAND model focuses on the fish populations of interest (e.g. adult
largemouth bass, juvenile pumpkinseed, etc.) which encompass several age-
classes but for which key assumptions are the same (e.g., all largemouth bass
above a certain age will display the same foraging behavior). This was done
primarily because it reflects the fish data available for the site. Is this a
reasonable approach?

According to Fig. 6-5, which summarizes the distribution of fish size of the samples for
each species, there is quite a variation of the sizes among the fish data. As an example,
the following lists the ranges of the 90% confidence interval as read off from the figure
for a few species:
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Largemouth Bass= 250-1,550 g
Brown Bullhead=  200- 750¢g
Pumpkinseed = 8- 27g

Therefore, to model these species as a single population of interest is a highly debatable
approach. The claim in the report (p. 93) that “virtually all the data available for the
Hudson River are for fish falling a particular grouping of age-classes” is also an
inaccurate one. On the contrary, during the analysis quite a few fish sample data were
discarded from the data set because they do not fall within the broad range of the size
definitions. This seems like a very wasteful approach to me. The work-intensive
procedure involved in obtaining fish sample dictates its scarcity in general, however the
database available for the Upper Hudson River is still considerably more extensive than
most other. Altogether some over 10,000 samples across all species were collected (p.38),
certainly then this should allow for some broadband age-class analysis for at least some
of the species.
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General Questions

1. What is the level of temporal accuracy that can be achieved by the models in
predicting the time required for averaging tissue concentrations in a given
species and river reach to recover to a specified value?

My personal estimation would be +/- five years.

2. How well have the uncertainties in the models been addressed? How important
are the model uncertainties to the ability of the models to help answer the
principal study questions? How important are the model uncertainties to the use
of model outputs as inputs to the human health and ecological risk assessments?

Most of the uncertainties in the models have been fairly well addressed, many of the
questionable parameters were investigated with literature review and sensitivity analyses.
Ultimately, much of the final estimates were provided in the form of statistical
distributions. The models do a good job in general to interpret the large pool of data
collection. In the absence of any other solution, the models do provide some solid
forecasts upon which decisions may be made. Therefore, as long as decision makers are
working within the premise of what models can reasonably provide, they are instrumental
tools to help answer the principal study questions.

3. Itis easy to get caught up with modeling details and miss the overall message of
the models. Do you believe that the report appropriately captures the “big
picture” from the information synthesized and generated by the models?

In spite of all the technical details of the models, the report manages to stay very focused
on providing answers for the principal study questions, and the conclusions drawn have
appropriately capture the essence of the implications from the model results and is a fair
representation of the “big picture”.

4. Please provide any other comments or concerns with the Revised Baseline
Modeling Report not covered by the charge questions, above.

The following comments apply to the Hydrodynamic Model, described in Chapter 3 of
Book 1 of the RBMR report:

(a) The calibration of the hydrodynamic model consisted of varying the value for
Manning’s ‘n’, so that the predicted upstream elevations match those from rating
curve measurements for Q = 30,000 cfs. As a check on the approach, the same ‘n’
was applied for lower flows of 10,000 and 20,000 cfs, and the results, as given in
Table 3-3, were shown in National Geodetic Vertical Datum (NGVD) levels.
According to the report, p. 21 of Book 1, model results are “slightly higher than the
rating curve for small flows. This presentation of information is misleading in that the
NGVD values are typically very high, and so difference in predictions are not as
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obvious. If, however, the absolute difference between upstream and downstream
elevations are shown, they would be as follows :

Flows, cfs | Modeled Difference in | Rating Curve (Measured) | Percent difference
water elevation, ft Difference in water from model
elevation, ft
10,000 121.5-120.6 =0.9 121.2-120.6 = 0.6 +50%
20,000 123.8-122.2=1.6 123.6-1222=1.4 +14.3%

These are NOT minor over-estimations! More importantly, most of the flows from past
record are at values much lower than the calibration target of 30,000 cfs, which implies
that the hydrodynamic model will not be producing accurate results most of the times.

(b) Another indication that there might be some problems with the values of the
Manning’s ‘n’ from calibration, is when they are compared to published values:

Model baseline Recommendations Recommedations
value from Zimme, 1985 | from FEMA, 1982
Main channel ‘n’ 0.02 0.027 0.028-0.035
Flood plain ‘n’ 0.06 0.065 0.075

Had the model been calibrated to match the water pfoﬁles at lower flows, the ‘n’ values
would be higher, and more consistent with suggestions from other sources.

(c) The entire chapter 3 has no indication anywhere for the values of river depth, h.
Instead, only surface elevations, z, were used. However, when refer back to the
original continuity equation, the flow depth is one of the three state variables.
Without any reference to the river bed bottom elevations, the NGVD elevations are
almost useless to the reader.
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Recommendations

The following are my recommendations on the two models based on the review of the
information provided:

1. The Fate and Transport Models

Recommendation: Acceptable with Minor Revision

Explanation:

The Fate and Transport Models Report was very well-presented and thorough. The
concepts underlying the major components of hydrodynamic, depth-of-scour, and
HUDTOX are all well documented. The model calibration and hindcast were both
performed very well. Except for some minor revision, I find the report acceptable in its
theoretical basis and technical approach. Suggestions on the report include some
refinement with the solids balancing, the improvement on the analysis of the sediment-
water mass transfer, and an extension of the 100-year flood study with various scenarios.

2. The Bioaccumulation Models

Recommendation: Acceptable with Major Revision

Explanation:

The report for the bioaccumulation models is in general of poor quality, with quite a few
editorial errors. In a few instances, the review work was hampered because of the obscure
presentation. In particular, the first two methods (the bivariate BAF model and the
empirical probabilistic food chain model) are presented to provide complementary views
of PCB uptake, but with the very different frameworks really did nothing much to
elucidate the problem. Furthermore, they were never used for any forecast simulations,
and therefore do not provide much in terms of addressing the study objectives. The same
goes with FISHPATH, which was presented partially but never applied. More effort
should be expended on the preparation of an improved analysis from the FISHRAND,
which in theory is an excellent tool to utilize the HUDTOX results to provide answers to
the Reassessment questions. Some major revisions are necessary for the report, and these
include the utilization of the three-phase partition results, age-class study for the upper
species, more thorough lipid analyses, and the improvement of model performance on the
lipid-normalized concentrations.
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Comments on Hudson River PCBs Reassessment Baseline Modeling Report

The following comments are prepared based on my review of the following documents:

Revised Baseline Modeling Report (January 2000) by Limno Tech, Inc.

Responsiveness Summary to the Baseline Modeling Report (February 2000)

Final Report of the Hudson River PCBs Site Modeling Approach Peer Review (November 1998)
Final Report on the Peer Review of the Data Evaluation and Interpretation Report and Low
Resolution Sediment Coring Report for the Hudson River PCBs Superfund Site (June 1999)

To gain a broader perspective of the modeling study, I also reviewed the reports by Quantitative

Environmental Analysis (QEA). This write-up represents my comments to date. Additional

comments may be presented at the meeting on March 27-28.

The HUDTOX model links components describing the mass balance of water, sediment, and
PCB:s in the Upper Hudson. Are the process representations of these three components
compatible with on another, and appropriate and sufficient to help address the principal study
questions?

The HUDTOX modeling framework consists of a hydrodynamic model and a fate and

transport model of PCBs for the Upper Hudson River from Ft. Edward to the Federal Dam for a

distance of approximately 40 miles. The hydrodynamic processes and water column kinetics are

appropriate for representing the PCB concentrations in the system. The water quality constituents

modeled are solids, total PCBs, Tri+ (PCB3.) and five PCB congeners. The main focus is on the

Tri+ species, which is the portion bioaccumulates in fish. The modeling approach presented in the

revised Baseline Report is technically sound to address the principal study questions.

2. The HUDTOX representation of the solids mass balance is derived from several sources,

including long-term monitoring of tributary solids loads, short-term solids studies and the results
of GE/QEA’s SEDZL model. The finding of the solids balance for the Thompson Island Pool is
that this reach is net depositional from 1977 to 1997. This finding has also been assumed to
apply to the reaches below the Thompson Island Dam. Is this assumption reasonable? Are the
burial rates utilized appropriate and supported by the data? Is the solids balance for the Upper
Hudson sufficiently constrained for the purposes of the Reassessment?
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Having said that, however, there lacks a sediment transport model to track the movement of
sediments at the riverbed. Instead, results from the sediment transport model, SEDZL, are utilized to
assign sediment burial rates for the study area. This appears to be a weak link in the HUDTOX
modeling framework as the sediment-water interaction for particles is the key process characterizing
the fate and transport of the PCBs in the system, particularly in the Thompson Island Pool. While
using the SEDZL results yields a reasonable representation of the solids balance, a full-scale sediment
transport model that has the predictive capability for future conditions would minimize uncertainties
associated with the sediment burial and deposition rates. Since the HUDTOX modeling framework
already uses a fine resolution hydrodynamic model in the water column providing information on
bottom shear stress, it is only logical to fully utilize this data in a sediment transport model, making a

seamless integration of the three model components.

Regarding the burial rates, the LTI study uses 0.65 cm/yr and 0.07 cm/yr for cohesive and
non-cohesive sediments, respectively, while the QEA study uses 0.81 cm/yr and 0.03 cm/yr
respectively. To solids balance in the Upper Hudson is maintained by a net deposition rate, the
difference between the absolute burial rate and resuspension rate. As long as the net rate is
reasonable, the solids balance can be achieved. The difference in burial rates between the two
modeling studies must bé compensated for in the resuspension rates because results from both LTI
and QEA studies give very good fit of solids with the data. Note that the LTI study shows the long-
term solids results from 1977 to 1997 matching the general trend of the data. The QEA results focus

primarily on the short-term storm events and their results mimic the data quite well.

It should be pointed out that the solids balance presents only part of the picture. While slight
variations of burial and resuspension rates are tolerable in solids balance calculations (as displayed in
the results from both modeling teams). For PCB modeling, accurate absolute burial and resuspension

rates of solids are essential. The true test of the model comes in the PCB modeling.

3. HUDTOX represents the Upper Hudson River by segments of approximately 1000 meters in
length in the Thompson Island Pool, and by segments averaging over 4000 meters (ranging from
1087 to 6597 meters) below the Thompson Island Dam. Is this spatial resolution appropriate
given the available data? How does the spatial resolution of the model affect the quality of model
predictions?

The Upper Hudson River below the Thompson Island Dam is represented in HUDTOX with
a 1-D configuration in the water column (for a total of 19 segments) and 2-D in the sediment. In the

Thompson Island Pool, it is configured as 2-D in the water column (for a total of 28 segments) and 3-
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D in the sediment. Such a spatial resolution is considered appropriate in light of the data available.
More importantly, this resolution is compatible with the longitudinal gradients of PCBs in the Upper
Hudson River. The model developed by QEA has a comparable segmentation in the longitudinal
direction. In general, where receiving water concentrations show or are expected to show a rapid rate
of change of concentration, small segment lengths are selected to reproduce these gradients. In the
box type models, accuracy of the calculated solution is a function of segment size. The term
associated with accuracy based on segment size is called numerical error and can be thought of as an
additional mixing or dispersion (in the longitudinal direction in this case) term. To minimize errors,
this term should be on the order of, or less than, the actual dispersion coefficients. It appears that
segment sizes in TIP and the river below TID have been selected to satisfy both criteria noted above

and are consistent with the resolution found in many other riverine water quality models.

4. Is the model calibration adequate? Does the model do a reasonable job in reproducing the data
during the hindcast (calibration) runs? Are the calibration targets appropriate for the purposes
of the study?

The model calibration results look reasonable, particularly the long-term Tri+ concentration
trends at various locations. Note that the QEA model results of PCB;. are very similar to the

HUDTOX results.

5. HUDTOX employs an empirical sediment/water transfer coefficient to account for PCBs loads
that are otherwise not addressed by any of the mechanisms in the model. Is the approach taken
reasonable for model calibration? Comment on how this affects the uncertainty of forecast
simulations, given that almost half of the PCB load to the water column may be attributable to
this empirical coefficient.

The HUDTOX model uses an empirical sediment-water transfer coefficient to account for
non-hydrodynamically related PCB loads in the Thompson Island Pool. Such a scheme works for the
model calibration analysis. The degree of empiricism has actually improved since the draft report in
May 1999. At the present time, a constant temporal function is utilized throughout the simulation
period for both cohesive and non-cohesive solids. This reduces the number of knobs in the model
calibration. Note that the seasonally variable mass transfer coefficient, &, which is derived from data
from 1993 to 1997, is noticeably higher than the value developed by QEA. [The &, values derived by
QEA are based on the water column and sediment data collected in 1998.] While this empirical
approach is acceptable for model calibration, it is not clear whether &y would change over time,
particularly over a long period, which would have an impact on the long-term model simulation

results. Essentially, the model uses a parameterization procedure to incorporate a not-too-well-
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understood process. Making the ksrate for cohesive sediments twice as the ;rate for non-cohesive
sediments in the model sensitivity analysis do not change the results much and it may not address the
issue. Perhaps some feedback from the water column PCB dynamics to this parameter may be

incorporated into the model to further reduce the degree of empiricism.

As stated in the charge question, this process accounts for almost half of the PCB load to the
water column in Thompson Island Pool. This appears to be one of the most significant uncertainties

in the model.

6. Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or other debris,
temperature gradients between the water column and sediments, etc) that have the potential to
change conclusions drawn from the models?

The modeling framework represents the closest representation of the PCB fate and transport in
the Upper Hudson given the extent of the available data. Many other processes may be included but
must have data to support the parameterization of the processes in the model. On the other hand, the
model can be used to explore any missing processes by analyzing individual processes currently in
the model along with the model sensitivity runs to provide additional physical insights into the

dynamics of the system. _

7. Using the model in a forecast model requires a number of assumptions regarding future flows,
sediment loads, and upstream boundary concentrations of PCBs. Are the assumptions for the
forecast reasonable? Is the construct of the hydrograph for forecast predictions reasonable?
Should such a hydrograph include the larger events?

While the upstream boundary concentrations of PCBs of 0, 10, and 30 ng/L provide a bound
analysis for the forecast simulations, it is clear that the upstream concentration would reduce with
time, particularly for the long-term simulation of 70 years. Perhaps a more reasonable upstream
boundary concentration should include this feature. It would also be interesting to simply repeat the
20-yr hydrograph from 1977 to 1997 in sequence for the model simulation. That is, the model runs
would recycle the 20-yr observed hydrograph continuously.

8. The 70-year model forecasts show substantial increases in PCB concentrations in surface
sediments (top 4 cm) after several decades at some locations. These in turn lead to temporary
increases in water-column PCB concentrations. The increases are due to relatively small
amounts of predicted annual scour in specific model segments, and it is believed that these
represent a real potential for scour to uncover peak PCB concentrations that are located from 4
to 10 cm below the initial sediment-water interface. Is this a reasonable conclusion in a system
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that is considered net depositional? After observing these results, the magnitude of the increases
was reduced by using the 1991 GE sediment data for initial conditions for forecast runs. Is this
appropriate? How do the peaks affect the ability of the models to help answer the Reassessment
study questions?

Before addressing this question, let me point out the following. The HUDTOX modeling
report states that the sediments in the Upper Hudson River from Ft. Edward to Waterford is a sink for
the solids from 1977 to 1997 (see Figure 7-14), which is expected. On the other hand, Figure 7-31
suggests that the sediments are a source for PCBs (Tri+). The sediment-water interaction of PCBs in
the Upper Hudson River can be summarized in the following table. Results from the following table
show that the sediment system is a major source of PCB to the water column from 1977 to 1997. Itis
still not clear to me how this small amount of annual scour in certain model segments is predicted.

To help understand this, one may need to print out the time-series of the sediment-water interaction of
PCBs (in fluxes) for these segments. Physical insights such as this are extremely important for us to

understand the fate and transport of the PCBs in the Upper Hudson River and help managers to grasp

the big picture.
Sediment-Water Interaction of PCBs in Upper Hudson River
River Portion Settling (kg) | From Sediment (kg) | Difference (kg)

Thompson Island Pool 1,006 5,256 4,250
TID to Schuylerville 1.027 3,972 2,945
Schuylerville to Stillwater 4,027 4,725 698
Stillwater to Waterford 3,393 5,987 2,594

Total 10,487

A hypothetical long-term model run may recycle the 1977-1997 (known) hydrograph with continuing

decreasing PCB concentrations at the upstream boundary to see if this small amount of scour is still

predicted.
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9. The timing of the long-term model response is dependent upon the rate of net deposition in
cohesive and non-cohesive sediments, the rate and depth of vertical mixing in the cohesive and
non-cohesive sediments and the empirical sediment-water exchange rate coefficient. Are these
rates and coefficients sufficiently constrained for the purposes of the Reassessment?

As stated in the LTI report, the sediment mixed layer depth and particle-mixing rate are
parameters for which direct measurements are not available. They may not be quite constrained as

the model sensitivity results show.

10. The HUDTOX model uses three-phase equilibrium partitioning to describe the environmental
behavior of PCBs. Is this representation appropriate? (Note that in a previous peer review on
the Data Evaluation and Interpretation Report and the Low Resolution Sediment Coring Report,
the panel found that the data are insufficient to adequately estimate three-phase partition
coefficients.)

This three-phase equilibrium partitioning is first time considered for the PCB modeling of the
Hudson River as previous modeling studies, e.g., by Thomann only consider the partitioning between
the dissolved and sorbed PCBs. While non-equilibrium or slow partitioning may be observed, using
instantaneous equilibrium is considered mathematically tractable. As stated in the LTI report, total
PCB is used only for estimating total PCB transport and is not used for primary calibration of the
HUDTOX model, uncertainty in total PCB partitioning behavior does not affect the calibration.

11. HUDTOX considers the Thompson Island Pool to be net depositional, which suggests that burial
would sequester PCBs in the sediment. However, the geochemical investigations in the Low
Resolution Sediment Coring Report (LRC) found that there was redistribution of PCBs out of the
most highly contaminated areas (PCB inventories generally greater than 10 g/m) in the
Thompson Island Pool. Comment on whether these results suggest an inherent conflict between
the modeling and the LRC conclusions, or whether the differences are attributable to the
respective spatial scales of the two analyses.

The table presented in the answer to Question 8 shows that Thompson Island Pool is a source of

PCBs to the water column.

12. The model forecasts that 100-year flood event will not have a major impact on the long-term
trends in PCB exposure concentrations in the Upper Hudson. Is this conclusion adequately
supported by the modeling?

The DOSM model (applied to TIP only) was used to develop relationships between river flow
and cohesive sediment resuspension for use in the HUDTOX model. The hydrodynamic model was

run for a range of flow conditions spanning typical summer flows to the 100-year flow. The DOSM
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was used to estimate cohesive sediment resuspension for each of these flow conditions, thus
producing a family of resuspension-flow relationships. The relationships were used as input to the
HUDTOX model to represent cohesive sediment resuspension across all flow conditions in the
Thompson Island Pool portion of the River (p. 10 of the LTI report). The answer to this question lies
in the sediment transport model. Results from the model by QEA may be able to substantiate this

finding, as there is a sediment transport model in that package.



Dr. Robert Nairn
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FATE AND TRANSPORT (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water,
sediment, and PCB's in the Upper Hudson. Are the process representations of
these three components compatible with one another, and appropriate and
sufficient to help address the principal study question?

My specific training, experience and expertise relate to hydrodynamic and sediment
transport modeling. Therefore, throughout this review, including my response to the
charge questions, I will focus on these aspects of the Revised Baseline Modeling Report.
I have focused on Book 1 of Volume 2D and any references to page numbers or “the
report” refer to this document.

With respect to Question 1, I have reviewed in detail the components of HUDTOX
associated with mass balance of water and solids and will answer the three parts of
Question 1 accordingly.

The process representations of the mass and sediment balances are compatible. However,
this is only due to the fact that the hydrodynamic model (RMAZ2) has been applied in a
steady state manner and that a very generalized flow routing has been developed to match
the spatial resolution of the HUDTOX model segments. The RMA2 model was never
applied in a true “hydrodynamic” sense and it is incorrect to state that a hydrodynamic
model has been applied by LTI in these investigations. As will become apparent in
answers to later questions, this is an important distinction.

I have concerns that the representations of water and sediment balances may not be
appropriate nor sufficient to address the principal study questions. I am certain that Study
Question 3 regarding the possibility of a flood scouring and redistributing sediments has
not be addressed sufficiently due to the selected spatial and temporal scales of the
HUDTOX model (or for that matter the linked RMA2-DOSM model). With respect to
Study Question 1, my concern relates to the importance of the spikes in PCB



concentrations that have been predicted by HUDTOX to occur in the future. It certainly
appears that HUDTOX is capable of simulating the long term averaged decay of PCB
concentrations in the water and sediment. However, I believe that the spatial and
temporal representation of processes in HUDTOX related to the water and sediment
balance are inappropriate to reliably predict the potential, magnitude and frequency of
future spikes in PCB concentration. Whether this is a critical problem will depend on the
assessment of the importance of these spikes by experts in bioaccumulation.

These points are elaborated at length in answers to other questions below.

2. The HUDTOX representation of the solids mass balance is derived from
several sources, including long-term monitoring of tributary solids loads,
short-term solids studies and the results of GE/QEA's SEDZL model. The
finding of the solids balance for the Thompson Island Pool is that this reach
is net depositional from 1977 to 1997. This finding has also been assumed to
apply to the reaches below the Thompson Island Dam. Is this assumption
reasonable? Are the burial rates utilized appropriate and supported by the
data? Is the solids balance for the Upper Hudson sufficiently constrained for
the purposes of the Reassessment?

It is my opinion that the statement that the TIP and lower reaches of the Upper Hudson
are “net depositional” is not a finding, but an assumption. Furthermore, this assumption
is based on relatively weak evidence and has a tremendous impact on the nature of future
spikes in PCB concentration in the water and surface sediments, if not the long term
trends. Pages 82 and 83 of Book 1 of Volume 2D explain that the system was assumed to
be net depositional due to the fact that the Upper Hudson “is an impounded system with
six dams over the 40 miles between Fort Edward and Waterford”. Additional supporting
evidence for the net depositional assumption and to determine burial rates includes the
SEDZL modeling by QEA (1999) and the information from the high resolution sediment
cores (p. 128 of the report). On the same page, the report notes that “there are limitations
to the high-resolution sediment cores that preclude the direct use of these data as
calibration inputs. The cores are few in number and not considered representative of
average solids burial rates on the spatial scale of the HUDTOX model.” Therefore, the
entire basis for assuming the system is net depositional relates to the opinion that this
should be the case in an impounded river and to the SEDZL findings by QEA. The
SEDZL findings are also later used to quantify sediment burial rates based on the
trapping efficiency for different reaches of the SEDZL model.

In summary, the only evidence that the Upper Hudson is net depositional stems from the
findings of the SEDZL model. I have only completed a preliminary review of QEA
(1999) and cannot provide a fully informed opinion of the reliability of this finding by
QEA at this time. However, QEA would be faced with the same dilemma of insufficient
information to test validate the net deposition assumption (or the burial rate



quantification).

The solids balance for the Upper Hudson has been constrained by the key assumption that
the Upper Hudson is net depositional and the findings from SEDZL to quantify burial
rates. These two pieces of information were used to complete a solids balance. To
complete the balance, the tributary loadings (as determined by the available data, rating
curves and indirectly the drainage area ratio (DAR) method for tributaries without
discharge data) downstream of TID were increased significantly and arbitrarily to make
up for a large deficit between incoming and outgoing sediment loads between Fort
Edward and Stillwater and Stillwater and Waterford.

In addition to the arbitrary (i.e. without direct justification) increase to tributary loads in
the solid balance, there are several other uncertainties associated with estimation of the
in-river sediment loads as listed below:

» The different techniques used to determine TSS concentrations (see page 76 —
USGS vs. GE methods) and the resulting development of total loads at the key
boundaries for the solids balance (Fort Edward, Stillwater, etc.);

o The time stratification of the sediment load rating curves at Fort Edward (before
and after 1991);

o Uncertainty related to determining a depth-averaged sediment load when
variations in velocity and sediment load through the water column are considered
- particularly for the GE data where TSS was sampled at three discrete depths;

o Tremendous scatter in discharge-TSS plots used to develop ratings curves;

» Use of the GE data only for the period after 1991 which leads to a decrease in
incoming sediment loads at Fort Edward (p. 80);

Some but not all of these potential sources of uncertainty in constraining the solids
balance have been addressed.

The greatest concern with the solids balance is the fact that tributary loadings were
increased by a factor of 2.46 between TID and Stillwater and 1.91 between Stillwater and
Waterford. The ultimate basis for these corrections relates in principle to the unproven
“net depositional” assumption and in absolute terms to the trapping efficiencies estimated
with SEDZL by QEA (1999).

The forecasts completed in Section 8 show that the spikes in future surface sediment and
water PCB concentrations are very sensitive to tributary sediment loading assumptions,

particularly downstream of TID.

An underlying problem is the lack of understanding of two key processes that have a
large influence on the solids balance:

1. Runoff, soil erosion and in-tributary erosion for the tributary and adjacent



watersheds;
2. Morphodynamics and the related river bed evolution.

3. HUDTOX represents the Upper Hudson River by segments of approximately
1000 meters in length in the Thompson Island Pool, and by segments
averaging over 4000 meters (ranging from 1087 to 6597 meters) below the
Thompson Island Dam. Is this spatial resolution appropriate given the
available data? How does the spatial resolution of the model affect the
quality of model predictions?

A shortcoming of the RBMR (Volume 2D) is the lack of graphical information presented
to describe the characteristics of the river such as bathymetry and detailed sediment bed
maps. However, based on information provided in this report and in reports by others
(e.g. QEA, 1999) it appears that a higher spatial resolution could be achieved with the
available data. However, it seems that the decision by LTI to apply the selected
resolution for HUDTOX was more related to taking a “long term” predictive philosophy
to the modeling. This decision has served well the prediction of long terms trends in the
decay of PCB’s but is not well suited to shorter time scale and finer spatial scale issues
such as the exposure of localized areas of highly contaminated sediments (and the
resulting spikes in PCB concentrations) and the assessment of scour in a 100 year event.

As noted above, it is my opinion that the selected spatial and temporal resolutions are
insufficient to appropriately assess the resuspension in a 100 year event and the
magnitude and frequency of future spikes in PCB concentrations.

4. Is the model calibration adequate? Does the model do a reasonable job in
reproducing the data during the hindcast (calibration) runs? Are the
calibration targets appropriate for the purposes of the study?

With respect to the flow modeling, the calibration and validation were limited to the
following exercises:

o Calibration was completed through adjustment of a single value of Manning’s ‘n’
for the entire length of the main channel and for a flow of 30,000 cfs. The
selected Manning’s ‘n’ is within a range of appropriate values for 2D models.

« Validation of flow velocities against measurements from one location on a single
day — detailed comparisons are not provided (p. 21).

e Validation through comparisons to the FEMA HEC-2 model water levels.



While these calibration and validation exercises may be sufficient to verify the ability of
the model to provide accurate inputs at the spatial and temporal scale of HUDTOX, they
are not sufficient for assessments at a more detailed scale as may be required for
assessment of processes associated with shorter time scale and finer spatial resolution
such as resuspension during the 100 year flood or the magnitude and frequency of spikes
in future PCB concentrations.

With respect to the sediment dynamics, the calibration consisted of “adjusting constant
gross settling velocities for cohesive and non-cohesive areas, and resuspension rates
from non-cohesive areas” to agree with the target burial rates (p.127/128). The settling
velocities were calibrated using the results of the SEDZL model simulations completed
by QEA (1999). The report notes (p. 128) the “uncertainty” associated with the burial
rates determined by SEDZL.

The calibrated gross settling velocity for cohesive sediments (4.15 m/year) is very low
and not representative of actual settling velocities. In fact, this settling velocity
corresponds to a condition where the product of concentration (in mg/l) and shear stress
(in dynes/cm?) is approximately 6, for example a concentration of 3 mg/l and a shear
stress of 2 dynes/cm? (see Burban et al, 1990). Clearly, the calibrated gross settling
velocity no longer represents the actual localized process of settling (as it is much too
low) and is essentially a calibration parameter with little physical meaning. The same
argument applies to the very low gross settling velocities calibrated for non-cohesive
sediments (1.5 m/day) very low high-flow solids resuspension velocity of 3.6 to 16.4
mm/year. This approach to calibration where physical process representation is
undermined at the expense of calibration may be sufficient to describe long term trends in
PCB’s, but again, is in appropriate to evaluate processes that are dependent on a finer
spatial and temporal scale (such as the 100 year scour or the forecasted future PCB
concentration spikes).

In a sense the development of tributary loadings discussed in Chapter 6 of the report was
also a form of calibration, in that case against a notion of net deposition and the burial
rates determined from SEDZL.

The reasonably good comparisons to suspended load are due to the calibration and
adjustment of incoming sediment loads at the model external (Fort Edward) and internal
boundaries (tributary loads). These comparisons may provide some level of confidence
in the ability of HUDTOX to simulate long term sediment balance and PCB trends, but
certainly not resuspension processes at a finer scale.

Therefore, the overall representation of sediment dynamics in HUDTOX is very heavily,
if not entirely, dependent on the accuracy and reliability of the burial rates determined by
QEA (1999) with SEDZL. In addition, while the representation appears to be sufficient
to describe long term, large scale processes compatible with long term trends it is not



compatible with shorter term processes (such as the 100 year scour or the forecasted
future PCB concentration spikes).

In order to calibrate or validate a model to finer scale processes such as local erosion and
deposition, it would be necessary to compare the model predictions to information on
local velocities and local bed changes measured at a number of locations or transects (or
averaged over discrete areas in the case of river bed change).

5. HUDTOX employs an empirical sediment/water transfer coefficient to
account for PCB's loads that are otherwise not addressed by any of the
mechanisms in the model. Is the approach taken reasonable for model
calibration? Comment on how this affects the uncertainty of forecast
simulations, given that almost half of the PCB load to the water column may
be attributable to this empirical coefficient.

My background is not applicable to this question.

6. Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice
or other debris, temperature gradients between the water column and
sediment, etc.) that have the potential to change conclusions drawn from the
models?

Factors such as bank erosion and scour by ice or other debris are certainly not important
relative to the temporal and spatial scale of HUDTOX. In other words, they are probably
not important with respect to long term trends, and even of they were, they have likely
been captured by some facet of the solids balance calibration (i.e. adjustment of tributary
loadings) or through the adjustment of the gross settling velocity and resuspension of
non-cohesive sediments.

There are a range of key factors that have not been explicitly accounted or may have been
considered incorrectly and these are described below.

There may be a key problem with the parameterization of the resuspension of cohesive
sediments in the Depth of Scour Model (DOSM). The problem relates to the concept
developed by Willy Lick that at a given shear stress erosion potential is achieved over
approximately one hour. It is believed that a lag of flocs or larger grains forms during the
erosion process to provide a protective layer over the underlying sediment. In a number
of publications (including Galiani et al, 1991 and Lick et al, 1995 quoted in the report) it
is clearly indicated that erosion is reactivated once the shear stress is increased (and the
lag protection is removed by the higher flow velocities). Also, this understanding of the
erosion process of cohesive sediments has largely been developed from Shaker test
experiments that are only capable of simulating shear stresses of approximately 10



dynes/cm? or less. Under higher shear stresses that occur in the Hudson River during
flood events (with shear stresses well in excess of 10 dynes/cm?), it is possible that a
protective layer may not even form (the critical shear stress for sand particles is less than
10 dynes/cm? and for fine gravel is in the range of 50 dynes/cm?). The limitations of the
Shaker test have been documented in detail by Lick et al (1995 — Measurements of the
Resuspension and Erosion of Sediments in Rivers, UC-SB report).

On page 33 it is outlined that resuspension potential is limited to the maximum predicted
erosion during one hour of the peak flow for the DOSM application. Therefore, the
DOSM estimates of scour during the peak flow of a 100 year flood event are not
meaningful as they only represent scour for a one hour period. The fact that erosion is
reactivated throughout the rising limb of the flood hydrodgraph (with the removal of
protective lag deposits) and that lag deposits may not develop at very high shear stresses
have not been considered.

The approach to resuspension of cohesive sediments in the HUDTOX model is described
on page 47 of the report. It is stated that: “resuspension occurring over previous model
time steps within an increasing hydrograph is tracked such that total cumulative erosion
equals the amount computed using the maximum shear stress during that event ... The
total amount of erosion is limited by the maximum predicted erosion associated with the
peak flow”. This description of resuspension approach in HUDTOX is confusing but
would seem to imply that only one hour of erosion occurs (associated with the peak flow)
during any given flood ‘event simulated by HUDTOX. If this is the case, the model has
been formulated incorrectly and resuspension will be significantly underpredicted both
for the 100 year event and for all flood events simulated by HUDTOX.

The fact that a steady state flow model has been applied to a very coarse resolution grid
will severely restrict the ability of the model to simulate erosion of both cohesive and
non-cohesive sediments. Local values of high velocities in time and space are ignored.
While these velocities may not be important with respect to long term trends, it is well
accepted that erosion and scour processes are very episodic and local erosion and
redistribution of sediment will simply not be represented by HUDTOX.

Finally, with respect to the overall evolution of the river bed in the TIP it was surprising
that the bed changes associated with the removal of the Fort Edward Dam were only
mentioned in passing on p. 79: “Over the period between July 1973 and April 1976,
Jollowing removal of the Fort Edward Dam in 1973, approximately 1.0 million cubic
yards of PCB laden sediments were washed downstream into Thompson Island Pool.”
This is a tremendous amount of sediment and equivalent to more than twice the sediment
delivered to the TIP over 20 years during the 1977 and 1997 calibration period. Where
did this sediment end up? How did it influence the river bed dynamics in TIP? Almost
certainly this resulted in a tremendous perturbation to the dynamics of the TIP river bed
and is probably still influencing the resuspension and redistribution processes within the
TIP.




7. Using the model in a forecast mode requires a number of assumptions
regarding future flows, sediment loads, and upstream boundary
concentrations of PCBs. Are the assumptions for the forecast reasonable? Is
the construct of the hydrograph for forecast predictions reasonable? Should
such a hydrograph include larger events?

I have been closely involved in a project over the last four years which is assessing the
potential flooding and erosion rates along the entire shore of Lake Michigan over the next
50 years. The Great Lakes Environmental Research Lab (GLERL) in Ann Arbor has
stochastically developed a sequence of possible net basin supplies to the Great Lakes to
determine plausible future lake level scenarios over the next 50 years. Many of these
scenarios featured periods of much higher lake levels (due to increased precipitation and
decreased evaporation) and more frequent highs than have been experienced in the last 50
to 100 years. The predicted GLERL scenarios agreed well with paleo-lake level evidence
(such as beach ridge and swash zone elevations) of much higher lake levels in the last
several thousand years since the lakes stabilized near the existing levels. These scenarios
did not consider the impact of global warming. It would seem prudent to assess the
impact of plausible changes in future hydrology (such as increased occurrence of higher
floods and/or higher extremes). The report only considers different sequencing of the
existing record.

Another key uncertainty in the future (not to mention the past and present) relates to
tributary discharge and loadings. Changes to land use practices could significantly alter
tributary runoff characteristics which could lead to either an increase (e.g. with higher soil
loss due to increased agricultural land use or increased flashiness due to urbanization and
resulting bank erosion in the tributaries) or a decrease in sediment loading (e.g. due to
improved agricultural practices or due to urbanization). In the model forecasts it has been
demonstrated that the frequency and magnitude of future spikes in PCB concentrations
are very sensitive to tributary loading.

8. The 70-year model forecasts show substantial increases in PCB concentration
in surface sediments (top 4 cm) after several decades at some locations.
These in turn lead to temporary increases in water-column PCB
concentrations. The increases are due to relatively small amounts of
predicted annual scour in specific model segments, and it is believed that
these represent a real potential for scour to uncover peak PCB
concentrations that are located from 4 to 10 cm below the initial sediment-
water interface. It is a reasonable conclusion in a system that is considered
net depositional? After observing these results, the magnitude of the
increases was reduced by using the 1991 GE sediment data for initial
conditions for forecast runs. Is this appropriate? How do the peaks affect
the ability of the models to help answer the Reassessment study questions?



It is my opinion that the system has not been proven to be net depositional. A system
cannot be net depositional indefinitely, particularly where dams consist of submerged
weirs. An equilibrium bed condition will eventually be established in these cases.
Nevertheless, even if the system were proven to be net depositional, the occurrence of
long term erosion at some locations that will uncover once buried PCBs is entirely
possible. This occurrence is an natural outcome of an evolving river bed where areas that
were once depositional become erosional due to changes in the upstream river bed
conditions, flows and sediment loadings (both locally and on a larger river system scale).
From the information provided, the river bed of the TIP almost certainly is evolving. A
large influence on this evolution will have been the perturbation to the system caused by
the removal of the Fort Edward dam.

Whether it was appropriate to use the 1991 GE sediment data as initial conditions for the
forecast conditions is not really the issue. The main issue is that the morphodynamics or
river bed dynamics throughout the Upper Hudson are simply not adequately represented
by the temporal and spatial scale of the HUDTOX model. Therefore, the prediction of
the frequency and magnitude of the spikes in PCB concentrations (that are caused by
local erosion) with HUDTOX are not expected to be reliable.

9. The timing of the long-term model response is dependent upon the rate of net
deposition in cohesive and non-cohesive sediments, the rate and depth of
vertical mixing in the cohesive and non-cohesive sediments and the empirical
sediment-water exchange rate coefficient. Are these rates and coefficients
sufficiently constrained for the purposes of the Reassessment?

My background and expertise allow me to comment on the first part of the question
related to the rate of net deposition in cohesive and non-cohesive sediments. In the
response to Question 4 on calibration, it was noted that the gross settling rates for
cohesive and non-cohesive sediments are very low and not representative of true physical
processes, at least at scale that these parameters are normally measured. These values
may be better understood simply as calibration parameters to achieve a coarse resolution
(in time and space) representation of sediment dynamics. The settling rates are
essentially calibrated against the long term burial rates that in turn are determined from
the results of the SEDZL modeling completed for the Upper Hudson by QEA (1999). A
preliminary review of the QEA (1999) report demonstrates that the predicted burial rates
appear to compare well to the limited field data available from the high resolution cores.
However, in order to provide an answer to whether these rates are sufficiently constrained
for the purposes of the Reassessment, the QEA (1999) report would have to be reviewed
in detail.

10. The HUDTOX model uses three-phase equilibrium partitioning to describe



the environmental behavior of PCB's. Is this representation appropriate?
(Note that in a previous peer review on the Data Evaluation and
Interpretation Report and the Low Resolution Sediment Coring Report, the
panel found that the data are insufficient to adequately estimate three-phase
partition coefficients).

My background is not applicable to this question.

11. HUDTOX considers the Thompson Island Pool to be net depositional, which
suggests that burial would sequester PCBs in the sediment. However, the
geochemical investigations in the Low Resolution Sediment Coring Report
(LRC) found that there was redistribution of PCBs out of the most highly
contaminated areas (PCB inventories generally greater than 10g/m?) in the
Thompson Island Pool. Comment on whether these results suggest an
inherent conflict between the modeling and the LRC conclusions, or whether
the differences are attributable to the respective spatial scales of the two
analyses.

My answer to this question is similar to my response to Question 8. The HUDTOX
model provides a glimpse of the potential for the local erosion and exposure of
contaminated sediments (through the spikes in PCB concentration) associated with the
redistribution of sediment in a system that may be net depositional. In other words, if it
is proven that the system is net depositional — this is a very slow and spatially averaged
process. There will invariably be areas of the river bed that experience long term erosion
and these areas might once of have been depositional zones. This process of complex
river bed evolution will not be well represented by the spatial and temporal scale of the
HUDTOX model. While the model was able to highlight the possibility of the
occurrence of spikes in PCB concentrations the temporal and spatial scale of the model is
not sufficient to reliably predict the frequency and magnitude of these spikes.

12. The model forecasts that a 100-year flood event will not have a major impact
on the long-term trends in PCB exposure concentrations in the Upper
Hudson. Is this conclusion adequately supported by the modeling?

No, this conclusion is not adequately supported by the modeling for the reasons explained
in my response to Question 6 and summarized below:

o It would appear that the parameterization of resuspension for cohesive sediments
may be incorrect due to what I understand to be a one hour limit to erosion for the
100 year event;

* A hydrodynamic simulation of the 100 year event has not been completed;

+ The temporal and spatial scale of the HUDTOX model is far too coarse to



adequately represent erosion processes at a spatial scale compatible with the
consideration of a single flood event.

BIOACCUMMULATION MODELS - N/A to expertise of R. Nairn



GENERAL QUESTIONS

1. What is the level of temporal accuracy that can be achieved by the models in
predicting the time required for average tissue concentrations in a given
species and river reach too recover to a specified value?

My background is not applicable to this question.

2. How well have the uncertainties in the models been addressed? How
important are the model uncertainties to the ability of the models to help
answer the principal study questions? How important are the model
uncertainties to the use of model outputs as inputs to the human health and
ecological risk assessments?

A principal model uncertainty relates to the ability of HUDTOX to predict the processes
at a temporal and spatial scale necessary to describe erosion during a 100 year event and
local erosion associated with the exposure of highly contaminated sediments in the future
(leading to spikes in PCB concentrations). The HUDTOX model appears to be sufficient
to represent the long term decay of the PCB concentrations in the water and surface
sediments. However, if the potential for PCB concentration spikes in the future or
exposure of contaminated sediment during a 100 year event are important to human
health and ecological risk assessments, the HUDTOX model as presently formulated is
not an appropriate tool to assess these processes.

In addition, there is considerable uncertainty related to the solids balance and specifically,
the tributary loadings and the rate of net deposition. The full range of uncertainty in these
variables was not investigated in the sensitivity tests associated with the model
forecasting. Tributary loadings could change significantly in the future due to climate
change or changes in land use.

Finally, it would be prudent to address the question of whether the trapping efficiency of
the various reaches of the Upper Hudson will remain uniform in the future as assumed in
the HUDTOX model (based on the SEDZL modeling of QEA, 1999). In other words, is
it reasonable to expect that the rate of deposition in a river system will be uniform over a
70 year period (based on a 20 year calibration or test period)? How is the river bed
evolving? How did/does the massive pulse of 1,000,000 cubic yards of sediment released
to the TIP between 1973 and 1976 after the removal of the Fort Edward dam influence
the river bed dynamics in the TIP? These questions have not been answered because the
HUDTOX model spatial and temporal resolution are insufficient to answer these
questions.

3. Itis easy to get caught up with modeling details and miss the overall message



of the models. Do you believe that the report appropriately captures the "big

picture" from the information synthesized and generated by the models?
As explained in my answer to Question 2, some key uncertainties and assumptions in the
model have not been adequately addressed or tested to assess whether the model captures
the “big picture” related to long term trends in PCB concentration decay. However,
providing these uncertainties can be addressed, it would appear that the long term trends
of PCB concentration predicted by HUDTOX will reflect the future trends reasonably
well.

On the other hand, the HUDTOX model as presently formulated is unable to sufficiently
represent the processes which may lead to PCB concentration spikes in the future (i.e.
deviations from the long term trends), either due to large flood events or localized erosion
(both of which relate to scales of finer resolution than the simulated in the current
HUDTOX model). Therefore, to some extent, the acceptability of the current HUDTOX
model will depend on the importance of PCB concentration spikes with respect to
bioaccumulation and ecological and human health risk.

4. Please provide any other comments or concerns with the Revised Baseline
Modeling Report not covered by the charge questions, above.

No additional comments.

RECOMMENDATIONS

Based on your review of the information provide, please identify and submit an
explanation of your overall recommendation for each (separately) the fate and transport
and bioaccumulation models.

Acceptable as is

Acceptable with minor revision (as indicated)
Acceptable with major revision (as outlined)
Not acceptable (under any circumstance)

b s

Recommendation: Acceptable with revisions as outlined below:
1. Specifically address the issues raised in the answers to the charge questions.

2. The frequency and magnitude of future PCB concentration spikes (in addition to
the impact of a 100 year flood) must be assessed in further detail. Ideally this
should be completed with a more detailed hydrodynamic model integrated with a
model of sediment dynamics (i.e. at a much finer spatial and temporal resolution
than HUDTOX). It may be possible to complete additional assessment of this



issue without the use of a refined model by examining the amount of erosion that
would need to occur to result in an unacceptable ecological or human health risk.

. Check that the resuspension of cohesive sediments in the HUDTOX model
considers that the one hour limit to erosion potential is reactivated after an
increase in shear stress and that a lag may not develop at higher shear stresses.

. Reformulate the erosion/deposition of non-cohesive sediments if an finer scale
model is developed and implemented.

. Review the long term evolution of the river bed either quantitatively, with a
refined model and/or through an updated bathymetry survey and comparison to
the 1991 and earlier surveys. The latter recommendation to complete bathymetric
survey comparisons would also serve to better constrain the long term burial rates.
This recommendation should also include an assessment of the influence of the
reported 1,000,000 cubic yard pulse of sediment released to the TIP between 1973
and 1976 after the removal of the Fort Edward Dam.

. In addition to an updated bathymetry survey (completed with high resolution
multi-beam equipment), it would be very helpful to complete additional high
resolution cores to confirm the assumed burial rates.

. Consider the application of a watershed model to describe historic (and future)
discharge and sediment loading (such as SWAT or AGNPS).

. In lieu of recommendation 6 above, and at the very least, assess the influence of
reduced tributary loadings reflecting a change in land use in addition to possible
uncertainty in the solids balance (i.e. more than 50% reduction in loading
considered in Chapter 8).
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Charge for Peer Review 3

Specific Questions

Fate and transport (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water,
sediment, and PCBs in the Upper Hudson. Are the process representations of
these three components compatible with one another, and appropriate and
sufficient to help address the principal study questions?

Given the overall success of the model in predicting Tri+ water concentrations, it would
appear that the processes are a good representation of probable exposure of the
organisms as input to the bioaccumulation models. The use of an archival stack of deep
sediment layers provides some confidence that exposure of the water column to more
contaminated deeply buried sediments will correctly modeled. Although HUDTOX
appears quite capable of predicting congener profile changes over time based on
parameterization of a number of important processes for individual congeners, it appears
that this informatioﬁ is not used to any extent except to calculate Tri+ concentrations. |
assume that there are some significant differences in congener patterns in various
reaches of the river, although this information is not provided (at least | did not see it). If
so, would there also not be differences in trends of patterns over time émong areas?
This could be important in spatial and temporal differences in toxicity of Tri+
concentrations, which will vary depending on congener makeup.

Although evidence appears convincing that dechlorination is unlikely to be important
compared to sediment water exchange in declining inventory because it only occurs to a
significant extent in the most contaminated sediments, has this been taken into account
if some of these sediments are exposed by scouring events?

2. The HUDTOX representation of the solids mass balance is derived from several
sources, including long-term monitoring of tributary solids loads, short-term solids
studies and the results of GE/QEA's SEDZL model. The finding of the solids
balance for the Thompson Island Pool is that this reach is net depositional from



Ross Norstrom

1977 to 1997. This finding has also been assumed to apply to the reaches below
the Thompson Island Dam. Is this assumption reasonable? Are the burial rates
utilized appropriate and supported by the data? Is the solids balance for the
Upper Hudson sufficiently constrained for the purposes of the Reassessment?

I am not qualified to comment on this question.

3. HUDTOX represents the Upper Hudson River by segments of approximately
1000 meters in length in the Thompson Island Pool, and by segments averaging
over 4000 meters (ranging from 1087 to 6597 meters) below the Thompson
Island Dam. Is this spatial resolution appropriate given the available data? How
does the spatial resolution of the model affect the quality of model predictions?

The TIP segments are well chosen to represent mid-channel, as well as near-shore
areas of varying cohesive and non-cohesive sediment, and should therefore be a good
representation of sediment-water exchange. Below TID, the segments are simply
lengths of the river. Given that the major PCB inventory is in TIP, this appears to be a
reasonable level of spatial resolution. Uncertainty in predicting future trends is therefore
likely to be higher below TID, especially for benthic fish such as the bullhead, which are
not probably not spatially integrating to the same extent as species like large-mouth
bass. Nevertheless, calibration of FISHRAND indicates good ability to predict trends
both within and downstream from TIP for both bullheads and large-mouth bass.

4. Is the model calibration adequate? Does the model do a reasonable job in
reproducing the data during the hindcast (calibration) runs? Are the calibration
targets appropriate for the purposes of the study?

The calibration data shows that HUDTOX is very successful at reproducing the short-
term, as well as the long-term, trends in water and sediment Tri+ concentrations.
HUDTOX does an admirable job of following even the seasonal trends in water column
concentrations of PCBs throughout the calibration period. The reliability of HUDTOX for
forecasting this parameter is likely to be good because the important factors which
govern not only short-term, but also iong term behavior, are included. Addition of
dynamic sediment stratigraphy to the model and greater spatial resolution (at least in
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TIP) enhance the probability that time-dependent changes, such as uncovering of more
contaminated deeper sediments by scouring, will not be missed. It should be
remembered that calibration of the water concentrations is dominated by the lower
chlorinated congeners, whereas the higher chlorinated congeners are more important in
fish. Therefore the goodness of fit, even for Tri+ or ‘total’ PCB concentrations in water
may not be completely representative of the bioaccumulated congener mix.

There are more recent data on long-term trends of gas phase PCB concentrations in the
atmosphere (Hillery et al. 1997) than those used in deriving the boundary conditions for
atmospheric loading to the river over time (Fig. 6-51, Book 2).

5. HUDTOX employs an empirical sediment/water transfer coefficient to account for
PCBs loads that are otherwise not addressed by any of the mechanisms in the
model. Is the approach taken reasonable for model calibration? Comment on
how this affects the uncertainty of forecast simulations, given that almost half of
the PCB load to the water column may be attributable to this empirical coefficient.

There are so many-factors that may govern sediment-water mass transfer, e.g., pore
water and water column DOC, colloids, bioturbation. In many cases it is difficult to even
define what these are. For example, freely dissolved concentrations in water are an
operational definition because no measurement technique is entirely free from the
possibility of altering the natural state of the water. Under these conditions, | think it
appropriate that an empirical, rather than a deterministic approach be taken. From the
examples given (pg. 116-117, Book 1) theoretical approaches would considerably
underestimate the mass-transfer rate. The approach taken, using a seasonally variable
load gain through TIP, is reasonable. However, as the report points out, the
applicability of k¢ to lower reaches of the river is a source of uncertainty.

As Figure 6-56, Book 2, shows, the average ‘total PCB’ k; value is a significant over-
prediction for low chlorinated congeners, and under-prediction for more highly
chlorinated congeners. How then are the predictions of water concentrations of most
congeners in the short hindcast as accurate as they are (Figure 7-66, Book 2)? Use of
the generic Tri+ mass-transfer coefficient for higher chlorinated congeners such as
BZ#138 appears to give nearly as good predictions of water concentrations in the short
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hindcast as BZ#28, despite large differences in physical properties. Are there any
assumptions or additional compensating parameter adjustments that were done to
achieve a fit that might effect very long-term projections for highly chlorinated
congeners? The statement on page 151, Book 1, that, “model performance in hindcast
applications was strongest for BZ#28 and BZ#52, the congeners whose environmental
behavior most resembles that of Tri+,” begs the point . It will not be these two

congeners that risk assessors will be interested in.

In general, | am concerned about the uncertainty resulting from the underlying
assumption that congener makeup of Tri+ is unchaning over a long period of time than |
am about uncertainty in Tri+ concentration predictions. Tri+ toxicity/unit concentration
may also be changing over time. The comments at the top of page 122 in Book 1 about
what was actually done concerning specific congeners are puzzling. What does, “This
would allow simultaneous application of the Tri+ calibration to all congeners, varying only
congener-specific chemical properties,” really mean?

6. Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or
other debris, temperature gradients between the water column and sediments,
etc.) that have the potential to change conclusions drawn from the models?

| am not qualified to answer this question.

7. Using the model in a forecast mode requires a number of assumptions regarding
future flows, sediment loads, and upstream boundary concentrations of PCBs.
Are the assumptions for the forecast reasonable? Is the construct of the
hydrograph for forecast predictions reasonable? Should such a hydrograph

include larger events?
See comment above on atmospheric loading trends.

8. The 70-year model forecasts show substantial increases in PCB concentrations
in surface sediments (top 4 cm) after several decades at some locations. These
in turn lead to temporary increases in water-column PCB concentrations. The

increases are due to relatively small amounts of predicted annual scour in
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specific model segments, and it is believed that these represent a real potential
for scour to uncover peak PCB concentrations that are located from 4 to 10 cm
below the initial sediment-water interface. Is this a reasonable conclusion in a
system that is considered net depositional? After observing these results, the
magnitude of the increases was reduced by using the 1991 GE sediment data for
initial conditions for forecast runs. Is this appropriate? How do the peaks affect
the ability of the models to help answer the Reassessment study questions?

The effect of the two peaks due to scouring is predicted to last ca. 10 years from 2044 -

2054. The importance of this will depend to a large extent on whether the predicted

levels due to the regular declines input from surface sediments produce concentrations

that are near, or close to the action limit. | cannot comment on the validity of this

prediction.

The timing of the long-term model response is dependent upon the rate of net
deposition in cohesive and non-cohesive sediments, the rate and depth of
vertical mixing in the cohesive and non-cohesive sediments and the empirical
sediment-water exchange rate coefficient. Are these rates and coefficients
sufficiently constrained for the purposes of the Reassessment?

| am not qualified to answer this.

10.

The HUDTOX model uses three-phase equilibrium partitioning to describe the
environmental behavior of PCBs. Is this representation appropriate? (Note that in
a previous peer review on the Data Evaluation and Interpretation Report and the
Low Resolution Sediment Coring Report, the panel found that the data are
insufficient to adequately estimate three-phase partition coefficients.)

The consistency of the log ky.c and log ko Values derived from water and sediment data

(apart from BZ#4) gives confidence in these values. However, without the background

information on how these are derived operationally, it is difficult to judge how accurate

the values are.
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11. HUDTOX considers the Thompson Island Pool to be net depositional, which
suggests that burial would sequester PCBs in the sediment. However, the
geochemical investigations in the Low Resolution Sediment Coring Report (LRC)
found that there was redistribution of PCBs out of the most highly contaminated
areas (PCB inventories generally greater than 10 g¢/m2) in the Thompson Island
Pool. Comment on whether these results suggest an inherent conflict between
the modeling and the LRC conclusions, or whether the differences are
attributable to the respective spatial scales of the two analyses.

| will leave this up to the hydrodynamicists.

12. The model forecasts that a 100-year flood event will not have a major impact on
the long-term trends in PCB exposure concentrations in the Upper Hudson. Is
this conclusion adequately supported by the modeling?

Based on my limited understanding of hydrodynamic processes, the arguments that are
put forward appear to be very reasonable and apparently supported by a separate GE

analysis.

Bioaccumulation Models

1. Does the FISHRAND model capture important processes to reasonably predict
long term trends in fish body burdens in response to changes in sediment and
water exposure concentrations? Are the assumptions of input distributions
incorporated in the FISHRAND model reasonable? Are the spatial and temporal
scales adequate to help address the principal study questions?

On page 17 of the Reponsiveness Summary, comment BG-1.31 questions the ‘reality’ of
FISHRAND. The answer to this question is less than revealing, apparently written by a
lawyer (no offense to the profession) rather than a modelar. Development of FISHRAND
was a direct response to the suggestion in PMCR that a ‘mechanistic’ model be
developed. The implication, | suppose, is that mechanistic models are more real, and
that real is better. Mechanistic models may masquerade as real, and empirical models
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may be better. There is no hard and fast rank order of excellence to these approaches.
The utility of mechanistic models depends on whether the important processes
determining the toxicokinetics are really understood and properly incorporated, and what
certainty which can be placed on the parameters describing these processes. They
seldom work on an a priori basis. As soon as you need to calibrate, you introduce some
degree of empiricism. | believe that a good mechanistic modet! includes only the level of
detail that is required to yield an output with the required degree of accuracy for the
questions that will be asked of it.

Reality is relative. The important property of models of the kind we are dealing with here
is whether they can accurately and reliably predict the endpoints of concern —
concentrations in fish over time — incorporating as much as possible of our
understanding of what processes are likely to change, whether that is done empirically
or mechanistically. On page 92, Section 8.1.2.1, Book 3, it is stated that the probabilistic
empirical model is limited in reliability of prediction because it does not capture the
mechanistic processes. Yet, the probabilisitic model generally did a better job of
predicting largemouth bass concentrations than did the first cut FISHRAND model prior
to Bayesian Monte Carlo simulation and updating of the distributions. Is the latter

process real?

The Gobas mechanistic models on which FISHRAND is based begin with the
assumption that uptake and elimination processes are driven by fugacity gradients. The
fact that the models can be paramaterized, and are quite successful after suitable
calibration does not prove that the underlying physical- chemical and physiological
processes are the true ones. There are alternative mechanisms that will equally well
explain the success of these models.

The big question boils down to this: If FISHRAND has good predictive capability in the
past, is this capability preserved in the future? (Assuming that there is more uncertainty
associated with the biological than the hydrological processes.)



Ross Norstrom

pg. 14, Book 3 makes a good point that not nearly enough is known about habitat and
feeding preferences to model uptake by invertebrates mechanistically. Gobas assumes
the same, and uses BAFs for invertebrates. Monte Carlo simulation of feeding
preferences in the Probabilistic and FISHRAND models is a valuable way of estimating
the variance due to the many unknowns for invertebrates.

pg. 26, Book 3. The Gobas model uses experimental data for uptake from water at one
temperature. This does not represent reality unless it is somehow calculated as the
annual average uptake rate for a wild fish. It is odd that food uptake is related to mean
temperature (eqn 3-14), whereas respiration is not. Since food uptake is likely to
dominate, the net effect of this is probably not too important, except for lower chlorinated
congeners where both uptake and clearance may be gill-dominated.

pg. 27, book 3. Egn. 3-13 assumes that uptake efficiency is inversely proportion to K.
The experimental data on this are inconclusive, in my mind. For example, Fisk et al.
(1998) did not observe a strong effect of K., on accumulation efficiency of PCBs (and
other organochlorines) in rainbow trout, however the overall efficiency of uptake was
rather low. Some of the experimental uptake studies may produce artifactual
dependence on K., because the way the contaminant is incorporated into the diet does
not mimic the natural diet.

pg. 27, Book 3. Egn. 3-14 uses a body weight exponent of 0.85 for ingestion rate — why
is it different than 0.6 in eqn. 3-9 (respiration rate)? The two are directly linked, and
should be the same.

pg. 27, Book 3. Eqn. 3-15 indicates that fecal egestion rate is 20% of dietary uptake
rate, which is allometrically scaled to W*®. The result of this assumption is that both
net uptake and net excretion in the gut will decrease as W®®, which is equivalent to
saying that 80% of the PCBs are accumulated the diet and never excreted through fecal
egestion. While this may be consistent with a fugacity gradient model, depending on
digestibility of the diet, fugacity capacity, etc., it is equally compatible with a lipid co-
assimilation model.
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Thus, in the model net excretion only occurs via the gills. According to eqn. 3-11, gill
elimination rate is proportional to k; which is in turn inversely proportional to V;. The net
effect of eqns. 3-11 and 3-15 is therefore that whole body elimination is inversely
proportional to body weight, and in a non-linear fashion to K,,. Because respiration is
not temperature dependent, which is not mechanistically correct, clearance rate via gills
is presumably considered to be constant throughout the year, which is also unlikely to be
correct. At what temperature were the Q,, and Q, transport rates derived?

Fisk et al. (1998) determined clearance rates for a wide range of organochlorine
compounds spanning log Koy, from 5.2 - 8.2 in small (10 g) juvenile rainbow trout. The
rates were relatively independent of log K, between 6-7.5. They compared half lives
vs. log Kq with those for rainbow trout weighing 45 g and 1000 g from other studies.
Clearance of compounds in 45 g trout had a log K., dependence similar to the 10 g
trout, except that the maximum half-lives were longer. For 1000 g trout, the half-lives
increased very rapidly between log K,y = 5-6 and became unmeasurable (>1000 d)
thereafter. If the half-lives for log K, = 6 (and perhaps at lower K,,,'s) are compared for
the three sizes of trout, they scale almost perfectly to W*®, that is, clearance rates are
proportional to W%, not W'°, Direct extrapolation of the results for rainbow trout to
another species may not be valid due to dependence on lipid content, etc.
Nevertheless, these data suggest that clearance rates (sum of all processes) are likely
proportional to metabolic rate, not body weight. This is, in fact, a more ‘mechanistic’
assumption. If true, clearance rates from large largemouth bass may actaully be
underestimated in the model.

It is worthy of note that virtually all of the uptake and elimination studies in the literature
are performed on small fish, and scaling clearance to body size is therefore not well
understood. Clearance of PCBs with log K., > 6 in fish in the kg range is so slow that it
is unknown what sort of dependence there is at high K,,, , for example, whether it falls off
slightly around log K, 8, as has been observed for smaller fish. De Boer et al. (1996)
studied clearance of PCBs from a naturally contaminated population of eels. BZ#44, 52,
49, 87, 97, 101, 149 151 had half-lives in the order of 380 d — 3,550 d. No measurable
clearance of BZ#128, 138, 141, 153, 170, 180, 187, and 190 occurred over 8 years!
While the high lipid content of these fish is a factor in slow clearance, it illustrates that
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many of the assumptions based on experiments with small laboratory fish cannot be

scaled to the natural environment.

As pointed out in the development of the QEA model and by Fisk et al. (1998), one of
the problems with short term experimental clearance studies in fish is the possible
existence of a ‘slow’ compartment. The clearance experiments may only be measuring
the ‘fast’ compartment, and therefore overestimate clearance rates over the lifetime of
the fish in a natural environment. Gobas et al. (1999) showed that it took 45 days for
equilibrium on a lipid wt. basis to be reached among tissues in rainbow trout exposed
dietary 2,2',4,4',6,6'-HxCB. Note, however that the dietary concentration in this study
was 900 mg/kg, which could seriously compromise the conclusions.

It may be that a combination of underestimation of clearance rates due to incorrect
assumption of the body weight exponent cancels out the overestimation due to
clearance from the slow compartment in the successful prediction of PCB concentrations

in larger fish.

Note that | strongly disagree with the statement on pg. 93, Book 3, that metabolism
plays an important part in the ability of fish to retain PCBs (at least most Tri+ congeners).
There are numerous studies to refute this statement. Furthermore, the ability to
‘reconstruct’ congener profiles that are very similar to Aroclor mixtures, in the Hudson
River and elsewhere, does not support any substantial metabolic capability in fish.

pg. 28, Book 3. The Gobas model assumes growth of fish occurs much faster above 10
degrees than below 10 degrees, and is related to W2, While | entirely agree that
growth should not be assumed to be continuous, there is no particular justification given
for using this generic approach to modeling growth. The QEA model apparently used
growth rates for largemouth bass specific for the Hudson River (although on cursory
inspection | could not see any information on this in their report). There are also
published data on largemouth bass energetics, e.g., Niimi and Beamish (1974).

pg. 28, Book 3. | note that the growth rate coefficients adopted were the corrected
values given by Burkhard (1998), rather than the ones used by Gobas (1993). This
should be noted.
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pg. 28, Book 3. | agree that there would be littlé to be gained using monthly average
sediment concentrations.

2. Was the FISHRAND calibration procedure appropriately conducted? Are the
calibration targets appropriate to the purposes of the study?

pg. 29-30, Book 3. FISHPATH is called a ‘deterministic’ steady state model based on
Gobas, and was used in the development of FISHRAND. Deterministic is defined by
virtue of use of generic parameters without site-specific data. The Initial validation was
done by comparing actual, Gobas, FISHRAND (run as steady state) and FISHPATH
(steady state by definition) for Oliver and Niimi’s data. FISHPATH and FISHRAND
produced identical results for all trophic levels. So what is different betweeen them? The
correspondence between the Gobas and FISHRAND simulations was good, but |
assume that largely the same parameters were used. Was this simply a validation of
coding? Note that the Gobas model may have incorrect underlying assumptions (e.g.,
clearance rates, above) which may not affect the steady state situation for Lake Ontario,
but be influential in the Hudson River, so it should not be considered a validation of the
application.

The whole process of the Bayesian calibration and updating of assumed distribution of
input parameters is difficult to comprehend, but its application is critical to calibration of
the model. Distributed variables are lipid weight, dietary composition, TOC, log Kow,
annual sediment concentration, monthly water concentrations. Applying the Bayesian
approach to determine posterior distributions of some of the parameters does not make
a lot of sense to me. Presumably the ‘empirical’ lipid percentages of the fish, for
example, are true values with a real distribution. Similarly, the mean K, of “Tri+” must
be relatively stable, (assuming no changes in composition over time). Adjusting the
distribution for K,,, and lipid weights is tantamount to empirical calibration, in my
estimation. While it is true there is a distribution of values, this is not an uncertainty.
Given the fact that Bayesian adjustment of K, distributions was a major factor in
calibration of the model, this would appear to compromise some of FISHRAND's
mechanistic character, although not necessarily its validity (for Tri+ concentrations).
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It is stated that an attempt to calculate K., distributions based on congener profiles was
‘infeasible’, so a range was used, with a triangular distribution centered around log Koy =
6.6. Why was this not feasible? Experimental data exist for most congeners, and can
be estimated for the remainder. Is it reasonable to assume that log K, is more
normally distributed K, itself? Has that been tested?

Comparison of Figure 5-9 with 6-6 shows that FISHRAND is much better than the
probabilistic model in predicting bass concentrations. However, the fit prior to
calibration (Bayesian updating) is actually worse than the probabilistic model. A clear
statement as to the reasonableness of the adjustments to achieve this fit would help to

understand what is going on.

There is a statement on pg. 81 that the deviation between predicted and actual Tri+
concentrations was typically around 16%, although there was 100% difference in 1991
and 48% in 1985. Regardiess of the interpretation that is put on what is going on in the
calibration process, this is probably as good a fit as can be expected in a dynamic

system.

Fig. 6.11 and 6.12 show that ability of the model to predict variance in bass is worse
than for other species. Does this have something to do with size ranges?

pg. 82, section 6.5 states that Figure 6-6 presents results for bass at river mile 155 using
the calibration for river mile 168. This figure actually presents the before and after
calibration at river mile 189. Where is the mile 155 result?

3. In addition to providing results for FISHRAND, the Revised BMR provides results
for two simpler analyses of bioaccumulation (a bivariate BAF model and an
empirical probabilistic food chain model). Do the results of these models support
or conflict with the FISHRAND results? Would any discrepancies among the
three models suggest that there may be potential problems with the FISHRAND
results, or inversely, that the more mechanistic model is taking into account
variables that the empirical models do not?
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BIVARIATE BAF ANALYSIS

pg. 16, Book 3. A statement is made that while statistical models may capture historic
conditions, they are not guaranteed to predict the future, particularly if the characteristics
of the PCB source change over time. This statement is directed at the physical system
(scouring, for example). However, changes in PCB composition over time are
something that none of the models appear to address adequately.

pg. 41-44, Book 3. A lot of effort is put into translating historical packed column
analytical data based on a very inconsistent array of Aroclor standards, to predict Tri+
concentrations. But how did the exact makeup of the congener composition change
over time? Unless Tri+ composition is constant over time, having accurate knowledge of
the concentration is a confounding factor in risk assessment.

pg. 45-46, Book 3. Interlaboratory comparison shows the potential for factors of 1.4-1.5
difference among laboratories supplying data. There is an admission that the Aroclor
based data ‘appears to be consistently higher than GE’s sum of congeners’, but no
actual data are givén, presumably because the ‘data are not yet ready to be released’.
However, this may be critical to validation of the model.

pg. 47, Book 3. It is not clear to me what congener-specific data were used in the
regression, and over what period of time. This could introduce a bias — see previous

comment.

pg. 55, Book 3. The comment on carryover of body burden from previous years is an
important one. Depending on the relative rates of decline in concentrations in the
ecosystem to clearance of the compounds from fish, there could be a time-lag. That is,
however, likely to be a less serious problem in the future as declines approach an

asymptotic value.

The conclusions resulting from fitting the model to mean data appear quite sound,
especially that water and sediment are not at equilibrium. The three different statistical
methods for analyzing the relative contribution of the two sources in the various species
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of fish are consistent with known feeding habits, and provide a good means of estimating
the overall dietary preferences in initializing FISHRAND.

EMPIRICAL PROBABILISTIC MODEL

pg. 19, Book3. In the bivariate probabilistic model, it is assumed that mean seasonal
exposure changes slowly relative to species uptake and depuration kinetics. For large
fish, the depuration kinetics may indeed be similar relative to exposure changes, e.g.,
half lives of > 1000 days. See comments above.

pg. 21, Book 3. | am not a statistician, but | do not see why it should be so ‘operationally
difficult to truly separate’ heterogeneity from measurement uncertainty in dealing with
distributions of PCB concentrations in invertebrates, unless this statement is referring to
the changes in methodology that occurred over time, e.g., from Aroclors to sum of
congeners. Variance due analytical uncertainty within a method is measurable, usually
quite normally distributed, and should not be difficult to factor into an ANOVA. With
some experimental intercalibration of methods, even uncertainty due to changes in
methodology could-probably be determined.

pg. 21, Book 3. The assumption that fish are expected to obtain most of their PCBs from
food is a reasonable one for this type of model.

pg. 23, Book 3. The fact that the relative sorption to particles vs. truly dissolved ‘average
out to some extent when evaluating a mixture’ comes back to the criticism that modeling
Tri+ concentrations is a confounding factor in risk analysis. It is the actual congener
composition that is important.

pg. 23, Book 3. A statement is made that forage fish diet is on average 67% water
column, and 35% sediment invertebrates. This does not appear to what was used in
FISHRAND. In Fig. 3-2, pumpkinseed are 80%/20%, and spottail shiners 70%/25%,
water column vs. sediment, with 5% phytoplankton. | assume this because feeding
preferences are more accurately reflected (or optimized by the Bayesian calibration) in
FISHRAND?
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The data assembled in Appendix A appears to provide a good basis for the percent
composition and source of the diet of the fish. | am surprised, however, that pelagic
zooplankton do not seem to figure in the diet at all (See Fig. 3-2). Is this the case in the

actual simulation?

The model correctly assumes that summer average concentrations should be used in
the simulation because most feeding occurs at that time of year. This is an important
seasonal feature which is frequently missing in bioaccumulation models. The modelers
are to be commended for including this feature. However, the lack of seasonal
(temperature) dependence on respiration may compromise estimates of clearance rates,
and possibly uptake rates of less chlorinated congeners, via the gills.

Figure 5.1 provides a good demonstration of the stability of BSAF among 10 different
invertebrate species. Itis generally around 1-2. Bivalves are on the low side — possibly
because of low lipid content?. Average BSAFs for all invertebrates are reasonably
stable with river mile, apart from two locations. BAFs for water column invertebrates
were ca. 10°, and relatively stable with river mile (Figure 5.4) which is well within the

range of other studies.

pg. 68, Book 3. Using estimated foraging habits, forage fish FFBAFs were calculated.
Concentrations in TIP were much higher. There was a bimodal distribution in FFBAFs
centered around 1.7 and 3.3. A clear explanation for this is not given.

Table 5.3 and Figure 5.9 show that the model does a much better job of predicting
concentrations and trends in largemouth bass at mile 168 (Stillwater) than it does in TIP.
There the model under-predicts by ca. a factor of 2 in many years. How much of this
could be due to differences in sizes and age of fish? It is not clear from what | have read
how fish weight enters into these models. Fig. 6.5 shows the distribution in bass weights
to be very large — between ca. 100 g and 2500 g, with most in the 250 to 1500 g range.
The large fish would not be suspected to be at equilibrium, or perhaps even show
trends, which appears to be the case between 1982 and 1993 in TIP. However, the
same results were found for pumkinseed (much better at mile 168 than 189), suggesting
that this is not the reason, since they would not likely be subject to the same time lags.
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4. Sediment exposure was estimated assuming that fish spend 75% of the time
exposed to cohesive sediment and 25% to non-cohesive sediment for the
duration of the hindcasting period. The FISHRAND model was calibrated by
optimizing three key parameters and assuming the sediment and water exposure
concentrations as given, rather than calibrating the model on the basis of what
sediment averaging would have been required to optimize the fit between
predicted and observed. Is the estimate of sediment exposures reasonable?

| assume that to some extent the relative importance of exposure to the two sediment
types is reflected in dietary composition, and the assumption of 75%/25% exposure is
compensated for in the optimization/calibration procedure, where dietary distribution is a
distributed variable. Beyond this, | have no particular knowledge that would be

applicable to answering this question.

5. The FISHRAND model focuses on the fish populations of interest (e.g., adult
largemouth bass, juvenile pumpkinseed, etc.) which encompass several age-
classes but for which key assumptions are the same (e.g., all largemouth bass
above a certain age will display the same foraging behavior). This was done
primarily because it reflects the fish data available for the site. Is this a

reasonable approach?

Prey size preferences certainly change with size of predator. This is more likely to
manifest itself in large fish like the largemouth bass. | am not sure whether there is
specific information is available for this species. It appears that the transition to primary
piscivory for largemouth bass was set at 50 mm. There are no fish listed in Table A-2
that are less than 172 mm, and the great majority are in the 300-500 mm range.
Certainly a 50 mm fish is not able to eat the same size class of fish as a 500 mm fish.
However, if the prey fish size range is relatively narrow, which may be the case if shiners
and pumpkinseed are the main forage fish, then size preference may not be important.
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General Questions

1. What is the level of temporal accuracy that can be achieved by the models in
predicting the time required for average tissue concentrations in a given species
and river reach to recover to a specified value?

| do not believe this to be a fully answerable question. Despite the wealth of information
(or perhaps because of it), quantitation of the uncertainty of forecasts over the very long
time period apparently required is not something that can be achieved in a short and
necessarily somewhat superficial peer review. Furthermore, it would be necessary to
have a reasonably accurate prediction of the long term boundary conditions for water
concentrations, which is apparently not possible with the present information. The
required accuracy will probably also depend on what the specified tissue concentrations
are. Short-term predictions are by their very nature likely to be more accurate. This
question should be addressed in the context of the human and ecotoxicology

assessments.

2. How well have the uncertainties in the models been addressed? How important
are the model uncertainties to the ability of the models to help answer the
principal study questions? How important are the model uncertainties to the use
of model outputs as inputs to the human health and ecological risk assessments?

I am not qualified to address the statistical approaches to quantifying uncertainties.
However, apart from these, there are unquantifiable uncertainties which may be even
more important in long-term predictions.

The possibility of biological community structure changes may be one of the biggest
sources of uncertainty in the forecasts. For example, invasion of exotic species, (zebra
mussels, blunt-nosed goby) and other unpredictable changes to the river ecosystem
could alter the ecosystem such that the model structure is no longer valid. Introduction
or removal of a trophic level in the food chain could create a factor 5 higher or lower in
concentrations in fish (Rasmussen, et a., 1990). Is there any indication that benthic or
fish community structure has changed substantially due to the continuing decline in PCB
concentrations?
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Another indeterminate factor may be changes in climatological factors, especially the
influence of unusually hot or cold years. For example, Hebert et al. (1997) showed that
much of the “noise” in the long-term exponential decline in PCB concentrations in Lake
Ontario herring gull eggs was due to exceptionally cold winters.

I highly recommend that continuing fish monitoring programs include 5'°N
measurements in order to build up a data base on long-term stability of the

ecosystem.

3. It is easy to get caught up with modeling details and miss the overall message of
the models. Do you believe that the report appropriately captures the "big
picture"” from the information synthesized and generated by the models?

"~ The concerns of the Peer Review team for the Preliminary Model Calibration Report
have been carefully assessed, and the problems and shortcoming raised by this team
appear to have been adequately addressed, as outlined in the Response to this report.
The formulation and parameterization of the models has been well thought out,
calibrated and validated. Overall, the combined HUDTOX and FISHRAND models do
an excellent job of predicting water and fish concentrations historically. Provided there
are no unforeseen changes in the ecosystem or hydrodynamics, forecast Tri+
concentrations are likely to be as good as could be expected in any modeling exercise.

However, | strongly believe that there is too much emphasis on modeling Tri+ versus
individual congeners. This needs to be addressed in order for the models to be useful in
answering the first study question: When will fish meet the human health and ecological
risk criteria under No Action? | assume that the risk assessment will not be based on a
parameter as vague as Tri+, unless it can be shown that projected congener makeup is
unlikely to change over time. HUDTOX was applied to the hindcast of 5 congeners for
1991-1997. This information was apparently not used to produce a forecast for use in
the FISHRAND, although there is a hint that this will be done in the future. While |
understand that the accuracy of such a prediction may not be as good as Tri+
concentrations, it can and should be done. Furthermore, simulating individual
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congeners removes log K,y as a distributed parameter, and provides a more rigorous
test of the model.

The ecological risk assessment executive summary concludes that it will be after 2018
before levels in fish decrease below the adverse effect level. Was this based on
FISHRAND results? TCDD TEQs are one of the endpoints. How are these going to be
calculated from Tri+ concentrations? The summary states that for mammals and most
birds, Toxicity Quotients for dioxin-like PCBs were greater than for total PCBs.
Therefore, what may be most important to model is TEQ trends. While it may be
possible to generate correlations between various endpoints such as TEQs and Tri+
PCBs in the short term, their validity in the long term depends on the stability of the
congener makeup over time. The probability of congener changes over time is not
adequately addressed in the present report.

Hebert et al. (1999) showed that there were gradual changes in congener composition in
Lake Ontario and Lake Michigan herring gull eggs (after correction for a large decrease
in point source loading of Aroclor 1242 to Lake Ontario) in the 1970s which were |
accountable as physical chemical processes that could be modeled by log Kyy. As
expected, lighter c:)ngeners decreased faster than heavier congeners. Because Tri+
concentrations are heavily dominated by lower chlorinated congeners, at least in water,
whereas most of the toxic congeners of concern are relatively highly chlorinated (e.g.,
BZ#105, 118, 126,169), the long term decrease in TEQ concentration may very well be

slower than Tri+ concentrations.

My overall impression is that too much effort has been expended on explaining
anomalies like the BZ#4 loadings in 1987 and 1993, when this congener (and other
lower chlorinated congeners) are unlikely to figure very significantly in the risk

assessment.

Apparently the role of dechlorination has been overemphasized in the past (See Chapter
6, Book 1), so not including dechlorination as an important factor in congener trends is

justified.
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A factor that may not be handled properly in the model is growth and recruitment to a
size class. Do the fish ‘grow’ through the historical concentrations to reach
concentrations at a particular level, or is there some assumption of quasi steady-state
here? Is the distribution of fish sizes assumed to remain the same every year? Does
this mean some of the larger fish ‘die’ every year and are replaced? Thereis a
statement on pg. 92, that indicates the Gobas 1993 model, rather than the improved
1995 model, was the basis of FISHRAND. Also, “the later approaches (Gobas 1995)
used an age-class model for each year of the fish’s life rather than the growth dilution
approach presented here.” To some extent this is explained on pg. 93, where it says,
“each individual fish grows, and... the volume of the population is assumed to be
equilibrated by the processes of fish death and reaching the minimal size to be included
in the population.” What does this mean, in plain language?

One factor that is not explicitly brought out is what the size-concentration range is
expected to be. This seems to me to be more important to know than 15, 50 and 95
percentiles describing variability (e.g., Figure 7-4, pg. 87, 10 ng/L boundary condition).
Surely a lot of this distribution is size related. When it comes time to use the projections
for risk analysis, it is important to know whether the fish above the 95" percentile, for
example, are mostly above a certain size. Certainly, humans can be advised not eat
fish above a certain size. Size will factor in the diet of wildlife as well. A bald eagle may
prey on a 2.5 kg bass, but a mink probably will not.

4. Please provide any other comments or concerns with the Revised Baseline
Modeling Report not covered by the charge questions, above.

One of the biggest challenges of this review is to enter it without the years of historical
perspective that the various participants have had. While independence of opinion has
its merits, it must be realized that in the short time frame available, it is not possible to
absorb, much less analyze in any detail, all relevant aspects. The Charge indicates that
this is not the primary purpose of the review. We have also been asked to refrain from
advising how ‘we would have done it'. Therefore, | have not attempted to do a detailed
comparison of the relative merits of the QEA vs. EPA approaches to bioaccumulation
modeling, although | have looked at both.
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The primary strength in the QEA approach is that it takes a bioenergetics approach to
contaminant uptake, that it is, it attempts to simulate actual respiration and food
requirements for the species in question under a particular set of conditions, an admitted
bias that | have. However, in my opinion, the toxicokinetics part of this model is
unnecessarily complicated. While many of the arguments about slow and fast
compartment clearance may be correct, there is a paucity of experimental data to verify
this, much less apply it in a deterministic fashion. The derivation of clearance rates
across the gill surfaces is a major potential source of error for this reason. The QEA
model assumes gut clearance is negligible. Counter arguments could be made to this.
Nevertheless, with suitable calibration, the model can undoubtedly be made to work.
Note that the Gobas 1993 model apparently allows for clearance by both gill and gut,
although making gut clearance proportional to food intake rate effectively eliminates gut

clearance.

| generally agree with the EPA commentary in the Responsiveness Summary on the
problems inherent in the application of the QEA model.

Recommendations

Based on your review of the information provided, please identify and submit an
explanation of your overall recommendation for each (separately) the fate and transport

and bioaccumulation models.

HUDTOX

2. Acceptable with minor revision (as indicated)

As outlined above under general comments, | would like to see a concerted attempt to
produce a long-range forecast for a few representative congeners covering a range of
physical properties bracketing those likely to figure in the risk assessment, in order to
determine the probability of congener pattern changes over time, and therefore the

suitability of using Tri+ concentrations for risk assessment.
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FISHRAND

2. Acceptable with minor revision (as indicated)

Simulating individual congeners separately as suggested for HUDTOX automatically
removes log K, as a distributed variable in FISHRAND. Assuming that distribution of
fish lipid concentrations is reasonably well known and not highly variable temporally, |
believe this should also be removed from the Bayesian optimization process. |If it is truly
uncertain and random, then perhaps it should remain in. This would provide a more
rigorous test of whether the model could be calibrated and validated with the remaining

distributed variables.

Further clarification of how fish size distributions and their relationship to
bioaccumulation are handled in the model, and information on concentration vs. size
relationships, as opposed to percentile distributions is required before final judgment on
the suitability of this model for risk assessment can be made.
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Summary of Editorial Errors
Prepared by : G. K. Luk

As noted during the Peer Review meeting on March 27-28, 2000, at Saratoga Springs,
there were a fair amount of editorial errors in the Bioaccumulation Models Report (Books
3 & 4, RBMR). The following outlines some of the observation briefly, and is by no
means an exhaustive list. My recommendation is that some serious review and proof-
reading works are in order to make the report more accurate and acceptable.

Case 1 : Inconsistencies Between Figures and Tables

Table 6-4 of Book 4, RBMR, is a summary of the modeling results presented in Figures
6-6 to 6-9. According to the description in the third paragraph on p. 81 of Book 3,
RBMR, the difference between observed and modeled data were calculated from median
values according to this expression:

Difference = Observed data—Modeled result 100% 0
Observed data

However, on examination of the results, this was not the case. In fact, the results on Table
6-4 were very different from results calculated from Eqn. (1). The following two
examples will demonstrate the point.

Example 1: Largemoutﬁ Bass at RM 155

A comparison for the “wet-weight based concentrations” after calibration updating for
Largemouth Bass at RM 155 between data and model, as given in Figure 6-6, as well as
the percent difference are tabulated in the following table:

Year Data Median Concentration Model Concentration Difference
Using Eqn. (1)
1987 2.1 3.0 -43%
1988 2.6 2.8 -7.7%
1990 3.0 2.4 +20%
1991 0.4 2.4 -500%
1992 2.6 2.5 +3.8%
1993 5.0 2.2 +56%
1995 2.6 2.0 +23%
1996 1.8 1.7 +5.6%




Instead of results on the last column, Table 6-4 shows the following results for the

comparison:
Year ‘Difference Using Eqn. (1) Difference from Table 6-4
1987 -43% -8%
1988 -1.7% +4%
1990 +20% -28%
1991 -500% +100%
1992 +3.8% -10%
1993 +56% -49%
1995 +23% -23%
1996 +5.6% -3%

Example 2: Yellow Perch at RM 189

A comparison for the wet-weight based concentrations between data and model for
Yellow Perch at RM 189 as given in Figure 6-8, as well as the percent difference are
tabulated in the following table:

Year Data Median Concentration Model Concentration Difference
Using Eqn. (1)
1991 5.5 10.0 -82%
1992 15.5 20.0 -33%
1993 29.5 32.5 -10%

Instead of results on the last column, Table 6-4 shows the following results for the

comparison:
Year Difference Using Eqn. (1) Difference from Table 6-4
1991 -82% +53%
1992 -33% +27%
1993 -10% +13%

In the attempt to understand the source of the error and resolve this difference, I have
tried to use instead the following definition for percent difference:

Difference =

Model result —Observed data

*100%

Model result

2

This is not an appropriate definition, since we are trying to match model results to data
and not vice versa, but the results obtained from this were much closer. However, there
were still a fair amount of discrepancies, as illustrated in the following table from values
obtained from Example 1 only:




Year Difference Using Eqn. (2) Difference from Table 6-4
1987 +30% -8%

1988 +7% +4%

1990 -25% -28%

1991 +83% +100%

1992 -4% -10%

1993 -127% -49%

1995 -30% -23%

1996 -6% -3%

Obviously, even with the possible inaccuracies from reading the data from the graphs,
there would still be problems with values for the years 1987 and 1993.

Case 2 : Inconsistencies Between Text and Tables

On p. 81, Book 3 of RBMR, it was stated that the model overpredicts the data median for
Yellow Perch on a wet-weight basis at RM 189 by 1% -32% as shown in Table 6-4. On
examination of the same information from Table 6-4, the values should be in the range of
13-53% instead.

Case 3 : Typing Errors

There was a lot of typing mistakes in the report. To demonstrate the point, the section on
the development of the Gobas’ FISHRAND bioaccumulation model (pp. 25-28, Section
3.5.2, Book 3 of RBMR) will be used as an example. The following lists some of the
typos found in this short section:

1. Onp. 25, Eqn. (3-7) : are Cggp and Cr the same parameter? I think they are because
the elimination rate is a first-order relation. If so, they should have the same symbol.

2. On the top of p. 26, in relation to the same equation, only Cgs, was defined, not Cs.

3. Onp. 26, Eqn. (3-8), Q. should be changed to Q; for consistency with the parameter
definitions below.

4. Onp. 27, Eqn. (3-11), L¢ was never mentioned before, so it should be defined here.

On p. 27, Eqn. (3-12), K4 should be changed to kg, again to be consistent with

definitions below.

6. Onp. 27, Eqn. (3-12), most people would consider Eq as “dimensionless” rather than

“unitless”.

On p. 28. Eqns. (3-16) and (3-17), kg should be changed to k.

All the symbols with “subscripts” from Eqn. (3-7) to (3-17) were not shown properly

in the equations (with the subscript appearing on the same level as variable), but they

seem to be fine in the definitions. Compare to say, Eqn. (3-6) in the previous section

where the subscripts are shown (accurately here), this shows a lack of consistencies.

()]

o0 =



APPENDIX D

LIST OF REGISTERED OBSERVERS OF THE PEER REVIEW MEETING



o Y United States
\__/ Environmental Protection Agency
\’ Region 2

Peer Review of Hudson River PCBs
Reassessment RI/FS Phase 2 Reports

Revised Baseline Modeling Report

Sheraton Saratoga Springs
Saratoga Springs, New York

March 27-28, 2000

Final List of Observers

Diane Achman
Senior Project Engineer

Quantitative Environmental Analysis

305 West Grand Avenue
Montevale, NJ 07645
201-930-9890, Ext: 25

Fax: 201-930-9805

E-mail: dachman@gqeailc.com

David Adams

216 Stage Road

Chariton, NY 12019
518-399-1690

Fax: 518-399-1690

E-mail: ddaawa@alum.mit.edu

Steve Anagnost
Managing Engineer

O'Brian & Gere

5000 Brittonfield Parkway
Syracuse, NY 13221-4873
315-437-6100

Fax: 315-463-7554

E-mail: anagnosw@obg.com

Adam Ayers

General Electric Company

320 Great Oaks Office Park
Albany, NY 12203

518-862-2722

Fax: 518-862-2731

E-mail: adam.ayers@corporate.ge

Richard Beach

Project Manager

Roy F. Weston

1400 Weston Way

610-701-3473

Fax: 610-701-3125

E-mail: beachr@mail.rfweston.com

Mark Benan

Behon Communications, Inc.
Glen Falls, NY 12801
518-792-3856

Victor Bierman
Limno-Tech. Inc.

501 Avis Drive

Ann Arbor, MI 48108-9195
734-332-1200

Fax: 734-332-1212

Maheyar Bilimoria

Principal Engineer

TAMS Consultants, Inc.

300 Broadacres Drive

Bloomfield, NH 07003

973-338-6680

Fax: 973-338-1052

E-mail: mbilimoria@tamsconsultants.com

Ralph Boeriche
9 Idik Lane
Glenville, NY 12302
518-399-9009



Jonathan Butcher

TetraTech, Inc.

P.O. Box 14409

Research Triangle Park, NC 27708
919-485-8278

Nicholas Clesceri

Environmental Engineering

Program Director, Professor

Environmental& Energy Engineering Department
Rensselaer Polytechnic Institute

110 8™ Street

Troy, NY 12180-3590

518-276-6416

Fax: 518-276-2080

John Connolly

Senior Managing Engineer
Quantitative Environmental Analysis
305 West Grand Avenue
Montevale, NJ 07645

201-930-9890

Fax: 201-930-9805

E-mail: jconnolly@qeallc.com

John Davis

Environmental Scientist

New York Department of Law
120 Bwy

New York, NY 10271
212-416-8482

Fax: 212-416-6007

E-mail: epnjd@oag.state.ny.us

Donald Drew

Professor

Math Department

Rensselaer Polytechnic Institute
110 8" Street

Troy, NY 12180-3590
518-274-9966

E-mail: drewd@rpi.edu

Thomas Echikson

Sidley & Austin

1722 Eye Street, NW
Washington, DC 20006
202-736-8161

Fax: 202-736-8711

E-mail: techikso@sidley.com

Jay Field

Marine Biologist

Office of Response & Restoration

Coastal Protection Division

National Oceanic & Atmospheric Administration
7600 Sand Point Way, NE

Seattie, WA 98115

206-526-6404

Fax: 206-526-6865

E-mail: jay.field@noaa.gov

Kenneth Fish
Staff Chemist
Bioremediation Research Program

General Electric Corporate Research & Development
Environmental Laboratory Building - K1 - Room 3C32

P.O.Box 8

Schenectady, NY 12301-0008
518-387-5990

Fax: 518-387-7611

E-mail: fishkm@crd.ge.com

Bob Fruchter

FT Edward

300 Hunter Road

Greencurd, NY 12834

E-mail: robert.fruchter@esc.edu

Tara Galloway

Consensus & Dispute Resolution Specialist
The Marasco Newton Group, Ltd.

2425 Wilson Boulevard - 4™ Fioor
Arlington, VA 22201

703-292-5918

Fax: 703-526-9826

E-mail: tgalloway@marasconewton.com

Joe Gardner
Conservation Chair

Mohawk Hudson Chapter
Appalachian Mountain Club
68 Carson Road

Delmar, NY 12054-2503
518-439-1074

Fax: 518-439-6036

E-mail: jgardnerjr@juno.com

Ed Garvey

TAMS Consultants, Inc.
655 3" Avenue

New York, NY 10017
212-867-1777

Fax: 212-697-6354

Robert Gibson

Engineering Project Manager
Corporate Environmental Programs
General Electric Company

320 Great Oaks Office Park - Suite 323
Albany, NY 12203

518-862-2736

Fax: 518-862-2731

E-mail: bob.gibson@corporate.ge.com

David Glaser

Vice President

Quantitative Environmental Analysis
305 West Grand Avenue

Montevale, NJ 07645

201-930-9890

Fax: 201-930-9805

E-mail: dglaser@qeallc.com



Alison Hess

Emergency & Remedial Response Division
U.S. Environmental Protection Agency
290 Broadway

New York, NY 10007-1866

212-637-3959

E-mail: hess.alison@epa.gov

Scott Hinz
Limno-tech, Inc.
7716 Lakewood Drive
Austin, TX 78750
512-231-1575

George Hodgson, Jr.
Director

Saratoga County Department of
Environmental Services

50 West High Street

Baliston, NY 12020
518-884-4778

Fax: 518-885-2220

Damien Hughes

Emergency & Remedial Response Division
U.S. Environmental Protection Agency
290 Broadway

New York, NY 10007-1866

212-637-3093

Fax: 212-637-4284

E-mail: hughes.damien@epa.gov

Peter Israelsson

Senior Project Engineer
Quantitative Environmental Analysis
305 West Grand Avenue
Montevale, NJ 07645

201-930-9890 Ext: 14

Fax: 201-930-9805

E-mail: pisraelsson@qealic.com

Pauline Lichtenfied

Senior Evaluator

Chicago Field Office

U.S. General Accounting Office
200 West Adams - Suite 700
Chicago, IL 60606

312-220-7635

E-mail: lichtenfledp@chro.gao.gov

Russell Manson

Assistant Professor

Environmental & Energy Engineering
Rensselaer Polytechnic Institute

110 8" Street

Troy, NY 12180

E-mail: manson@rpi.edu

William McCabe

Emergency & Remedial Response Division
U.S. Environmental Protection Agency
290 Broadway

New York, NY 10007-1866

212-637-4405

Fax: 212-637-4439

Robert Montione

New York State Department of Health
547 River Street

Troy, NY 12180

518-402-7870

E-mail: im04@health.state.ny.us

Colleen Morgan

Senior Environmental Counsel

The Marasco Newton Group, Ltd.

2801 Clarendon Boulevard

Arlington, VA 22201

703-516-9100

Fax: 703-516-9108

E-mail: cmorgan@marasconewton.com

James Musical

Senior Evaluator

Chicago Field Office

U.S. General Accounting Office
200 West Adams - Suite 700
Chicago, iL 60606
312-220-7630

Fax: 312-220-7726

E-mail: musicalj.chro@gao.gov

William Ports

Environmental Engineer
Environmental Remediation
New York State Department of
Environmental Conservation
50 Wolf Road

Albany, NY 12233-7010
518-457-5637

Merrilyn Pulver
Supervisor

Town of Fort Edward

2842 County Route 46

Fort Edward, NY 12828
518-747-4985

Fax: 518-747-4985

E-mail: marrilyn@capital.net

Sharon Ruggi

Deputy Supervisor
Town of Fort Edward

93 Leavy Hollow Lane
Hudson Falls, NY 12839
518-747-7384



Ann Rychlenski

Communication Division

U.S. Environmental Protection Agency
290 Broadway

New York, NY 10007-1866
212-637-3672

E-mail: rychlenski.ann@epa.gov

Rich Schiafo
Environmental Associate
Scenic Hudson, Inc.

9 Vassar Streeet
Poughkeepsie, NY 12601
914-473-4440

Fax: 914-473-2648

Susan Scirsky

Project Manager, Lower Housitanic River
U.S. Environmental Protection Agency

1 Congress Street - Suite 1100

Boston, MA 02114-2023

617-918-1434

Fax: 617-918-1291

E-mail: svirsky.susan@epa.gov

Edward Shuster

Research Professor

Earth & Environmental Sciences
Rensselaer Polytechnic Institute
110 8" Street

Troy, NY 12834

518-276-6494

Fax: 518-276-8343

E-mail: shuste@rpi.edu

Ronald Sloan

Research Scientist

Fish, Wildlife & Marine Resources
Bureau of Habitat

New York State Department of
Environmental Conservation

50 Wolf Road

Albany, NY 12233-4756
518-457-0756

Fax: 518-785-8424

E-mail: risloan@gw.dec.state.ny.us

Louis Thibodeaux
Professor/Director

Hazardous Substances Research
Center South & Southwest
Louisiana State University

3418 CEBA Building

Baton Rouge, LA 70803
504-388-6770

Fax: 504-388-5043

Doug Tomchuk

Emergency & Remedial Response Division
U.S. Environmental Protection Agency
290 Broadway

New York, NY 10007-1866

212-637-3956

E-mail: tomchuk.doug@epa.gov

Katherine von Stackelberg
Menzie-Cura & Associates, Inc.
1 Courthouse Lane - Suite 2
Chelmsford, MA 01824
978-453-4300

Fax: 978-453-7260

E-mail: kvon@menziecura.com

Christopher Wallen
Senior Consuitant

ZZ Consulting, LLC

321 Tom Franklin Road
Jefferson City, TN 37760
865-777-2212

Fax: 865-471-0249
E-mail: cmwallen@att.net

Kirk Ziegler

Senior Managing Engineer
Quantitative Environmental Analysis
305 West Grand Avenue

Montevale, NJ 07645

201-930-9890

Fax: 201-930-9805

E-mail: kziegler@qeallic.com



APPENDIX E

AGENDA FOR THE PEER REVIEW MEETING



[ o)
N

A\ Y4

United States
Environmental Protection Agency
Region 2

Peer Review of Hudson River PCBs
Reassessment RI/FS Phase 2 Reports

Revised Baseline Modeling Report

Sheraton Saratoga Springs
Saratoga Springs, New York
March 27 - 28, 2000

Agenda

Meeting Facilitator: Jan Connery, Eastem Research Group, inc.
Meeting Chair: Steven Eisenreich, Rutgers University

MONDAY, MARCH 27, 2000
9:00AM Registration/Check-in

10:00AM Welcome Remarks and Panel Introduction
Jan Connery, Eastern Research Group, Inc.

10:15AM EPA Overview and Background Remarks
Doug Tomchuk, U.S. Environmental Protection Agency

10:30AM Observer Comments

11:20AM BREAK

11:35AM Charge to the Panel/Summary of Premeeting Comments
Steven Eisenreich, Chair

12:00N Discussion of Revised Baseline Modeling Report (RBMR)
Fate and Transport Questions 1 and 2 followed by Summary of Discussion

12:50PM LUNZC H (onown)

1:50PM Discussion of RBMR Fate and Transport Questions 3 through 6
Followed by Summary of Discussion

3:30PM BREAK

@ Printed on Recycled Paper (over) \ERG



MONDAY MARCH27 200 0 (Continued)

3:45PM

5:00PM

5:15PM

6:30PM

Discussion of RBMR Fate and Transport Questions 7 through 9
Followed by Summary of Discussion

BREAK

Discussion of RBMR Fate and Transport Questions 10 through 12
Followed by Summary of Discussion

ADJOURN

TUESDAY, MARCH 28,2000

8:00AM

9:45AM

10:00AM

11:10AM

11:20AM

12:30PM

1:45PM

3:00PM
3:15PM
4:.05PM
4:15PM
4:50PM

5:00PM

Discussion of RBMR Bioaccumulation Questions 1 through 3
Followed by Summary of Discussion

BREAK

Discussion of RBMR Bioaccumulation Questions 4 and §
Followed by Summary of Discussion

BREAK

Discussion of General Questions 1 and 2
Followed by Summary of Discussion

L UN C H (on own)

Discussion of General Questions 3 and 4
Followed by Summary of Discussion

BREAK

Observer Comments

BREAK

Recommendations and Chair's Summary
Closing Remarks

ADJOURN



APPENDIX F

SUMMARIES OF OBSERVERS’ COMMENTS



List of Observers Who Made Comments

Day 1 (March 27, 2000):

John Connolly, Quantitative Environmental Analysis

Diane Achman, Quantitative Environmental Analysis

David Glaser, Quantitative Environmental Analysis

Peter Israelsson, Quantitative Environmental Analysis

Kirk Ziegler, Quantitative Environmental Analysis

David Adams, Saratoga County Environmental Management Council
Joe Gardner, Appalachian Mountain Club

Day 2 (March 28, 2000):

David Glaser, Quantitative Environmental Analysis

John Connolly, Quantitative Environmental Analysis

Ralph Boericke, Resident of Glenville, New York

David Adams, Saratoga County Environmental Management Council
Ron Sloan, New York State Department of Environmental Conservation
Sharon Ruggi, Town Councilwoman of Fort Edward

Marilyn Pulver, Fort Edward Town Supervisor

Rich Schafo, Scenic Hudson

The remainder of this appendix summarizes the comments made by the observers listed above.
Comments are summarized in the order in which they were presented. As the meeting agenda in
Appendix E shows, observer comments were scheduled on both days of the peer review meeting.



Appendix F—Summaries of Observers’ Comments

Day #1, Comments from John Connolly, Quantitative Environmental Analysis

Mr. Connolly’s comments focused on charge question 11, which asked the peer reviewers to
comment on sediment redistribution in stretches of the Hudson River that are net depositional.
To address this question, Mr. Connolly contrasted conclusions from EPA’s Low Resolution
Coring Report (LRC) with findings from the Baseline Modeling Report. Mr. Connolly began by
explaining the scope and findings of the Low Resolution Coring Report, but he focused on the
LRC’s finding that “significant redistribution of PCBs” had occurred out of the most highly
contaminated sediments. As summarized below, Mr. Connolly used three different lines of
reasoning to argue that this main finding from the LRC is inconsistent with the BMR’s finding
that “PCBs are being buried” without a “significant redistribution of PCB inventory.”

First, Mr. Connolly summarized modeling simulations he ran using EPA’s HUDTOX model. Mr.
Connolly indicated that he modeled PCB transport under the hypothetical scenario of all PCB
concentrations in cohesive sediments set to zero in 1984. He then showed results of this
simulation, which indicated that redistribution of cohesive sediments had only a “very slight”
impact on PCB contamination in non-cohesive sediments. Based on this simulation, which
spanned the years 1984 to 1999, Mr. Connolly concluded that EPA’s HUDTOX model predicts
“very little redistribution of PCBs from the area of high concentration to the area of low
concentration.”

Second, Mr. Connolly indicated that careful review of the spatial resolution of the LRC and the
modeling efforts affects interpretation of sediment burial rates. To illustrate the impact of spatial
resolution, Mr. Connolly displayed a slide comparing sediment burial rates computed for selected
low resolution coring clusters to sediment burial rates predicted for the HUDTOX modeling
segments in which the clusters were located. Based on the comparisons shown, he concluded that
the HUDTOX model predicts a lower sediment burial rate than implied by analysis of the
sediment coring results. Mr. Connolly then suggested that the accumulation of solids, as
predicted by the modeling, “essentially keeps the bulk of the [PCB] inventory in the sediments,” at
least in the period from 1984 to 1994.

Third, Mr. Connolly indicated that various environmental sampling studies are consistent with a
lack of significant redistribution of PCB inventory. For instance, Mr. Connolly first explained that
the “bulk of the PCB inventory in the Thompson Island Pool is dechlorinated,” yet the PCB
composition in surface sediments, fish, and water are “minimally dechlorinated.” He indicated
that this inconsistency implies that these environmental compartments are not “exposed to the
bulk of the [PCB] inventory.” Further, Mr. Connolly noted that Cesium levels in the Hudson
River surface sediments tended to be relatively low, especially in comparison to buried sediments
believed to have been deposited in the 1960s and 1970s. Next, based on results from high
resolution sediment coring, he indicated that the highest concentrations of PCBs in the Upper
Hudson River sediments tended to remain buried. Finally, citing a mass balance conducted on
PCB:s in the water column in the Thompson Island Pool, Mr. Connolly indicated that “only a small
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fraction of the PCB inventory” in the sediments moved out of the Thompson Island Pool in the
water column between 1984 and 1994.

Based on the arguments above, Mr. Connolly presented his conclusion: “The conclusions of the
model and low resolution coring analysis conflict and the evidence strongly indicates that the
model’s conclusion is correct.” Ending his presentation, Mr. Connolly indicated that his
colleagues from QEA would provide comments on four additional topics: (1) the “abrupt
increase” in PCB concentrations that EPA’s model forecasts; (2) the approach EPA used to
calibrate its bioaccumulation models; (3) EPA’s use of a reduced solids loading at Rogers Island
after 1990; and (4) the need for EPA to add approximately 40 metric tons per day of solids
loading at the river stretch downstream of Schuylerville. Mr. Connolly concluded his presentation
by distributing copies of QEA’s comments on the modeling report to the reviewers, and he
thanked the reviewers for the opportunity to provide comments.

Day #1, Comments from Diane Achman, Quantitative Environmental Analysis

Ms. Achman’s comments addressed issues relevant to charge question 8, which asked the peer
reviewers to comment on the sharp increases in PCB concentrations in surface sediments
predicted by EPA’s HUDTOX model. Citing a figure shown in EPA’s RBMR, Ms. Achman
illustrated the extent to which EPA’s models predict localized “abrupt increases” in surface
sediment PCB concentrations, both in cohesive sediments in the Thompson Island Pool and in
non-cohesive sediments in the Stillwater reach of the Upper Hudson River. According to Ms.
Achman, EPA contends that the predicted abrupt increases are “realistic predictions of what will
happen in areas subject to net erosion” and that the predicted increases represent a process that
might “slow or interrupt apparent rates of recovery.” She then noted that the predicted abrupt
increases in surface sediment PCB concentrations could have implications on EPA’s ongoing
feasibility study, even though she considered the abrupt increases to be unrealistic and merely an
outcome of the numerical modeling algorithm.

Ms. Achman then used a time series of modeling segments of surface sediments to review how
EPA’s models simulate sediment erosion. She explained that the models assume the mixing depth
to be the top two layers of sediments. Reviewing EPA’s modeling procedure, Ms. Achman then
noted that the Agency’s models consider a variable “mixing depth” of sediments (i.e., the mixing
depths in the model can change as sediments erode or deposit). Ms. Achman thought this
representation—a variable mixing depth—is a “numerical artifact” with no physical or biological
basis. Ms. Achman also indicated that the RBMR does not document this artifact correctly. She
noted that selected figures in the RBMR plot “the top 0 to 4 cm” of PCBs in sediments, which she
thought should be reported as a plot of “the top two layers of sediments.”

To demonstrate how modeling parameters might have affected the predicted abrupt increases in
surface sediment PCB concentrations, Ms. Achman then explained how the forecast results vary
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with the resolution of the model’s numerical grid, specifically the vertical resolution of sediments.
To illustrate the effect of the numerical grid on modeling resuits, Ms. Achman provided results of
forecasts conducted by QEA. These forecasts were obtained by running QEA’s bed model
(which Ms. Achman said “works the same way as EPA’s bed model”) using the model parameters
EPA reported for “particles mass transfer, net erosion, and molecular mass transfer.” The bed
model was run under two scenarios: assuming a sediment thickness of 2 cm, and assuming a
sediment thickness of 0.2 cm. Referring to a graph of modeling results for these two scenarios,
Ms. Achman noted that QEA’s simulation using a sediment thickness of 2 cm reproduced EPA’s
result of abrupt increases in surface sediment concentrations. Further, she noted that simulations
run using a sediment thickness of 0.2 cm caused the abrupt increases to “disappear.”

Ms. Achman ended her presentation by reviewing several key points. First, she reiterated that
decreases in the segment thickness used in the models cause the abrupt increases in surface
sediment PCB concentrations to disappear. Second, she indicated that model forecasts based on a
segment thickness of 0.2 cm “result in near complete elimination of the increases.” Based on
these observations, Ms. Achman concluded that her results “confirm that the forecasted increases
are simply an artifact of the numerical model and the manner in which the model results are
presented.”

Day #1, Comments from David Glaser, Quantitative Environmental Analysis

Mr. Glaser’s comments addressed the calibration of EPA’s bioaccumulation models, which was
the focus of charge question 2. Mr. Glaser explained that the calibration of the model has direct
implications on the forecast simulations. Specifically, he noted that the calibration sets parameters
that both predict the extent of bioaccumulation and the “relative importance of sediment and
water column PCBs to the food web.” Mr. Glaser indicated that these factors are important to
consider when evaluating how the Hudson River will respond to remedial options.

To comment on the model calibration, Mr. Glaser first described the general strategy used to
calibrate EPA’s FISHRAND model, during which he focused on three issues: choosing
appropriate parameters for calibration; ensuring that the calibrated parameters are consistent with
site-specific data and experimental data; and applying the calibration consistently throughout the
Upper Hudson River system.

Focusing on the calibration parameters, Mr. Glaser indicated that EPA calibrated the following
parameters in FISHRAND: fish growth rates, fish lipid contents, organic carbon content of
sediments, and the octanol-water partition coefficient (or K,). Mr. Glaser noted that the K,
values affect elimination rates of fish and “accumulation at the base of the water column food
web.” Mr. Glaser noted further that site-specific data are available to constrain the calibration of
all of the aforementioned parameters. However, he indicated that EPA’s calibration set certain
parameters at values that are inconsistent with site-specific data and set some parameters at
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different values for different reaches of the river. Mr. Glaser thought this approach effectively
resulted in “independently calibrated models in the different reaches” of the Upper Hudson River.

Mr. Glaser showed three graphs that illustrated his concerns about how EPA calibrated its
FISHRAND model. The first graph compared site-specific data for summer growth rates of
largemouth bass to the calibrated growth rates. Mr. Glaser noted that the calibrated growth rates
were considerably higher than those suggested by site-specific data and that the calibrated growth
rate for largemouth bass in the Thompson Island Pool was considerably lower than that for
largemouth bass in the Stillwater reach. The second graph compared site-specific data for fish
lipid content in spottail shiner to the corresponding calibrated fish lipid contents. Mr. Glaser
indicated two similar findings: the calibrated lipid contents were higher than available site-specific
data and the calibrated values greatly differed for fish in the Thompson Island Pool when
compared to fish in the Stillwater reach. Mr. Glaser noted that the overstated fish lipid content
contributes to an understated PCB elimination rate. The third graph compared the fraction
organic carbon data used in HUDTOX (which were based on GE sampling data) to the calibrated
fraction organic carbon parameters. Again, Mr. Glaser highlighted discrepancies: the values
calibrated for the FISHRAND model not only were different from those used in the HUDTOX
model but also varied greatly among different river stretches—a trend not observed among the
fraction organic carbon data used in HUDTOX. Mr. Glaser noted that the calibrated fraction
organic carbon values directly affect how the model characterizes bioavailability of PCBs (i.e., the
higher carbon content predicted for the Thompson Island Pool sediments effectively renders the
PCB:s less bioavailable than the site-specific data indicate; and the lower carbon content predicted
for the Stillwater reach sediments renders the PCBs more bioavailable than the site-specific data

indicate).

Mr. Glaser then noted that QEA has identified other calibration parameters that are less
constrained by site-specific data and experimental data. Specifically, he explained that QEA’s
model has been calibrated against dietary composition data and PCB elimination rates of fish. Mr.
Glaser said that “a fair amount of site-specific data” is available for constraining the dietary
composition and that experimental data are available for constraining the elimination rates. He
added that experimental data (especially for fish chronically exposed to contaminants) suggest that
the PCB elimination rates used in EPA’s model “probably grossly overestimate elimination.”

In summary, Mr. Glaser acknowledged that the FISHRAND model “appears to be well-calibrated
based on the relationship between model and data,” but he stressed that some calibrated
parameters in EPA’s model are inconsistent with site-specific data. Noting that some parameters
in EPA’s model have different values that vary across the reaches in the Upper Hudson River, Mr.
Glaser noted that the FISHRAND model is effectively a series of “differently calibrated models in
the different reaches” of the river. Mr. Glaser indicated that these shortcomings could be
addressed by using a different calibration strategy—one that is consistent with the available
site-specific data and that is applied consistently in the separate reaches of the Upper Hudson

River.
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Day #1, Comments from Peter Israelsson, Quantitative Environmental Analysis

Mr. Israelsson’s comments focused on how EPA represented solids loadings at Fort Edward.
Reviewing EPA’s approach, Mr. Israelsson said that EPA hypothesized that a significant decrease
in solids loadings occurred at Fort Edward since 1990 “due to a fundamental change in the
watershed characteristics,” a hypothesis he did not think was supported by the data. Mr.
Israelsson indicated that EPA’s hypothesis is reflected in the HUDTOX model’s use of two
different solids ratings curves at Fort Edward. Noting that most of the solids flowing into the
Thompson Island Pool “originate in Fort Edward,” Mr. Israelsson stressed that the solids loading
at Fort Edward affects model predictions for sedimentation rates and PCB burial, thus likely
having implications on the “predicted efficacy of various remedial alternatives.”

Mr. Israelsson then provided background information on the two different solids sampling data
sets that form the basis of the rating curves EPA used for solids loadings at Fort Edward. He
noted that the rating curves were derived from data sets compiled by the United States Geological
Survey (USGS) and GE. Mr. Israelsson explained that the USGS data were collected from 1977
to the present using a consistent sampling method designed specifically to measure total
suspended solids (TSS). He noted that USGS measured solids loading using a “fish sampler,” a
flow-through device that samples loads continuously over the depth of the river to a depth of
approximately 0.2 feet from the sediment bed. Contrasting the USGS sampling to the GE
sampling, Mr. Israelsson first indicated that the GE data were collected only since 1990, and using
a method “designed to collect PCB data.” Mr. Israelsson explained that GE employed a
“Kemmerer bottle” sampling method, which is not a flow-through device. He noted that the
bottles were used to collect water at three discrete depths within the river (i.e, at roughly “0.2,
0.5, and 0.8 times” the depth of the river). Mr. Israelsson indicated that water collected at the
three depths was then combined to determine an average solids concentration. :

Mr. Israelsson then identified three key differences between the USGS and GE sampling methods.
First, he noted that the USGS fish sampling method, because it is a flow-through device, is more
likely to capture coarser particles during high flow episodes than is a Kemmerer bottle. Second,
he added that fish samplers are better suited to characterize average solids loadings because they
sample water across the vertical cross section of the river, whereas the Kemmerer bottles collect
water at only three discrete depths. Third, he indicated that the fish samplers collect water
samples at depths much closer to the sediment bed, where he suspected that solids concentrations
would be highest during high flow conditions. The combined effect of these factors, according to
Mr. Israelsson, was that the GE solids loading data were biased low during high flow periods,
which he stressed as an important flow condition since most of the solids that can settle enter the
modeling domain during high flows.

To illustrate the differences between the sampling methods, Mr. Israelsson then presented and
interpreted three graphs of solids rating curves (one compiled from the USGS data collected
between 1977 and 1990, one compiled from the USGS data collected since 1990, and one
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compiled from the GE data collected since 1990). For instance, he compared the rating curves
for high flow conditions calculated from the two different time frames of USGS data. Citing the
95-percent confidence intervals of the two plots, Mr. Israelsson suggested that the difference
between the 1977-1990 and. 1990-present rating curves for high flow conditions is not
statistically significant. Based on this analysis, he concluded that the USGS data do not support
the “temporal trend” in solids loadings at Fort Edward. Further, Mr. Israelsson indicated that the
difference between the 1990—present rating curve derived from USGS data and that derived from
GE data is statistically significant.

To emphasize his major points, Mr. Israelsson presented a final graph that compared different
estimates of average annual solids loadings during high flow periods at Fort Edward; the estimates
were derived from different TSS data sets. The graph showed that the estimates derived from
USGS’s 1977-1990 data and from its 1990—present data “were very similar” and “not statistically
significant in their difference.” On the other hand, the graph indicated that the solids loadings
derived from GE’s data are more than 50 percent lower than those derived from the USGS data.
Similarly, Mr. Israelsson indicated that the average annual solids loading during high flow
conditions presented in EPA’s modeling reports were also considerably lower than the loadings
derived from the USGS data alone. Noting that the GE solids data are biased low during high
flow conditions, Mr. Israelsson concluded that “only USGS TSS concentrations should be used to
estimate solids loading” at Fort Edward. He stressed that the USGS data were most appropriate
because they provide a continuous record of solids data that were collected using a sampling
method specifically designed to characterize solids loadings.

Day #1, Comments from Kirk Ziegler, Quantitative Environmental Analysis

Mr. Ziegler’s comments addressed how EPA calibrated the HUDTOX model, with a focus on the
model’s sediment transport algorithms. First, Mr. Ziegler addressed sediment deposition
processes in the Upper Hudson River. He explained that “three primary phenomena” affect
deposition rates to fine-grained sediments: composition of the suspended load (i.e., the relative
amounts of clay, silt, and sand in the water column); effects of turbulence on deposition, which is
typically formulated as the “probability of deposition”; and flocculation of cohesive sediments.
After noting that QEA’s SEDZL model represents all three phenomena mechanistically, Mr.
Ziegler then compared deposition rates (i.e., effective settling speed) predicted by the SEDZL
model to that predicted by the HUDTOX model.

Using a graph indicating how effective settling speed varies with mean flow rate for cohesive bed
areas, Mr. Ziegler explained how the SEDZL model and HUDTOX model differ in their
representation of sediment deposition. First, he reviewed the findings of the SEDZL model. Mr.
Ziegler indicated that the SEDZL model predicts an increase in settling speeds as mean flow rates
increase in the range of roughly 1,000 and 4,000 cubic feet per second—a trend he attributed the
effects of flocculation and the introduction of more sand to the water column. Second, Mr.
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Ziegler showed that the SEDZL model predicts a decrease in settling speeds as mean flow rates
increase in the range of roughly 4,000 to 5,500 cubic feet per second—a trend he attributed to the
probability of deposition effects, which decrease with increasing flow rate. Third, Mr. Ziegler
pointed out that the SEDZL model predicts a large increase in settling speeds with increases in
mean flow rates, for flow rates between roughly 5,500 and 8,000 cubic feet per second. Mr.
Ziegler said this sharp increase occurs primarily because a “significant fraction of the suspended
loads is composed of sand.” Finally, Mrr. Ziegler noted that the SEDZL model predicts a decrease
in settling speeds with increasing mean flow rates, in the flow regime of roughly 8,000 cubic feet
per second and higher, He attributed this decrease at high fiows again to a decreased probability
of deposition.

M. Ziegler then contrasted the settling speed/mean flow rate relationship described above for the
SEDZL model to that incorporated into EPA’s HUDTOX model. Mr. Ziegler noted that the
HUDTOX model employs a constant settling speed, independent of flow rate. In comparison to
the SEDZL findings, Mr. Ziegler noted that the EPA representation leads to overestimated
settling speeds at low flow rates (i.e., lower than roughly 7,000 cubic feet per second) and
underestimated settling speeds at high flow rates. Mr. Ziegler added that EPA determined the -
settling velocity through calibration, rather than mechanistically.

M. Ziegler then commented on the implications of EPA’s representation of sediment deposition
by showing a graph of solids loadings as & function of flow rate for tributaries to the Hudson
River between Schuylerville and Stillwater. Mr. Ziegler explained that “EPA was forced” to
adjust its tributary loadings of solids to compensate for what he considered to be “inaccurate
deposition processes” in the HUDTOX model. Specifically, Mr. Ziegler compared a solids rating
curve derived from the site-specific data to the rating curve that EPA used afier adjusting the
tributary loadings. He stressed that EPA’s rating curve results in HUDTOX using TSS
concentrations for tributaries downstream of Schuylerville that are unrealistically high during low
flow conditions.

Summarizing his other comments, Mr. Ziegler indicated that EPA’s formulations for modeling
sediment resuspension and deposition are “simplistic and inaccurate.” Further, Mr. Ziegler
cautioned reviewers that the “basic structure” of EPA’s sediment transport model is unsound,
even though the model calibration appears to be “superficially adequate” in fitting historical data.
Given his concems, Mr. Ziegler concluded that “the utility of HUDTOX as a management tool to
accurately predict long-term sediment transport and PCB fate is uncertain.”

Day #1, Comments from David Adams, Saratoga County Environmental Management Council
Mr. Adams introduced himself as a member of the Saratoga County Environmental Management

Coungil and of the Government Liaison Committee that EPA established for community
interaction. Mr. Adams then indicated that he had recently given the RBMR to a friend, Dr.
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Ralph Boericke, and that his presentation would focus on much of Dr. Boericke’s comments on
EPA’s document. The presentation addressed several topics.

First, citing Dr. Boericke’s comments, Mr. Adams indicated that the modeling of sediment
transport and deposition “are quite crude.” As examples, he noted that scouring from
non-cohesive sediments are modeled simply as an “on/off” approach. Mr. Adams added that, as a
result of the modeling assumptions, EPA had to “arbitrarily” scale solids loadings to the river to
match observed data. Mr. Adams then took exception with the claim that EPA’s models can
“accurately predict localized scouring effects.”

Second, Mr. Adams addressed the issue of abrupt increases in future PCB surface sediment
concentrations, as predicted by the EPA models. Referring to Dr. Boericke’s comments, Mr.
Adams suggested that the abrupt increases are a “consequence of inadequacies of the [EPA]
model.” According to Mr. Adams, Dr. Boericke acknowledged that some deeply buried PCBs
might be uncovered by local net erosion but suggested that the model is not accurate in predicting
this phenomenon. Citing his own opinion, Mr. Adams questioned whether deeply buried PCBs
can be uncovered; he thought the continued presence of PCB “hot spots” in the Upper Hudson
River was consistent with sediment burial, not with erosion of buried inventories. Mr. Adams
mentioned that he hoped the reviewers had time to review how both the GE and EPA modeling
studies addressed this issue.

Third, Mr. Adams expressed concern about the implications of charge question 11, which
addresses the consistency between EPA’s conclusions in the RBMR and LRC. Mr. Adams said
“he felt very strongly” that the conclusions of the two EPA reports are contradictory and that the
conclusions in the LRC (e.g., that buried PCBs are a significant source of contaminants to the
water column) are not well supported by the data. He reiterated that the continued presence of
the PCB “hot spots”in the Upper Hudson River suggests that transport of PCBs from buried
sediments to the water column likely does not occur. Mr. Adams also noted that the RBMR and
LRC report inconsistent conclusions on the issue of the extent of sediment burial in the Thompson
Island Pool.

Mr. Adams concluded his comments by encouraging the reviewers to address a similar conclusion
of the GE and EPA modeling reports: the long-term trends of PCBs in the Upper Hudson River
are controlled by the upstream source of PCBs flowing into the Thompson Island Pool. Mr.
Adams found this conclusion important, because it suggests.that sediment remediation efforts
might not address the issues most critical to long-term recovery of the system.

Day #1, Comments from Joe Gardner, Appalachian Mountain Club

Mr. Gardner’s comments addressed the use of different assumptions in the modeling efforts
conducted by GE and EPA. Based on his organization’s observations over the history of the two
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modeling efforts, Mr. Gardner said he “has been impressed with the contrast in the assumptions”
inherent in the two different modeling approaches. Mr. Gardner stressed that the differing
assumptions in the two models must be considered when evaluating the quality of each model’s
representation of the Upper Hudson River. Concluding his remarks, Mr. Gardner expressed
appreciation for the extent to which the independent peer review process can “bring out the true
significance” of the two different models.

Day #2, Comments from David Glaser, Quantitative Environmental Analysis

Mr. Glaser’s comments focused on the implications of charge question 4 pertaining to the
bioaccumulation models, which addresses the issue of the proportion of time fish are exposed to
cohesive and non-cohesive sediments. Mr. Glaser first acknowledged that “it is very difficult to
tell” the exact proportions of time fish spend feeding over different types of sediment. He then
agreed with the reviewers” comment that the proportion used in the bioaccumulation model
probably has little bearing on the model results, primarily because he suspected that carbon-based
PCB concentrations in cohesive and non-cohesive sediments are not considerably different.
However, Mr. Glaser emphasized that the proportion of time fish are exposed to cohesive and
non-cohesive sediments has implications on remedial alternatives. Specifically, he noted that
remedial options that specifically target the cohesive sediments could have an impact on fish
populations if fish indeed feed solely in the areas of cohesive sediments. Mr. Glaser concluded,
therefore, that the proportion of time fish are exposed to cohesive and non-cohesive sediments
has an impact on how the model is used for assessing remedial options, regardless of whether this
input parameter is important in terms of specific forecasting results.

Day #2, Comments from John Connolly, Quantitative Environmental Analysis

Mr. Connolly’s comments addressed charge question 11 pertaining to the fate and transport
models, which asks the reviewers to comment on the consistency between the conclusions in the
RBMR and those in the LRC. Mr. Connolly focused on the reviewers’ statements that no
inherent conflict exists between the findings of these two reports. To highlight his concerns, Mr.
Connolly stressed that EPA’s sediment coring results (as documented in the LRC) and modeling
results (as documented in the RBMR) “give very different results.” Specifically, Mr. Connolly
noted that the LRC reported that between 4 and 59 percent of the PCBs in the cohesive sediment
in the Thompson Island Pool were lost to the water column between 1984 and 1994. Using the
best estimate of the PCB loss documented in the LRC (40 percent) and an estimate of the PCB
inventory in the cohesive sediments, Mr. Connolly stated that the LRC essentially reports that
6,000 kg of PCBs “left the cohesive sediments of the Thompson Island Pool” between 1984 and
1994. In contrast, he noted that EPA’s HUDTOX model predicts that only 300 kg “left the
cohesive sediments of the Thompson Island Pool” between 1984 and 1994. Mr. Connolly
indicated, therefore, that the LRC’s and RBMR’s findings pertaining to loss of PCBs from
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sediments in the Thompson Island Pool differ by a factor of 20—a difference he concluded was an
inherent conflict between the two reports.

Day #2, Comments from Ralph Boericke, resident of Glenville, New York

Mr. Boericke introduced himself as a retired GE employee and a resident of Glenville, New York.
His comments addressed two topics relevant to EPA’s fate and transport models. First, Mr.
Boericke noted that he thought the model’s prediction of abrupt increases in water column
concentrations of PCBs was “obviously a model artifact.” Mr. Boericke acknowledged that the
reviewers discussed this issue on the first day of the peer review meeting, but he noted that this
issue was not addressed in the reviewers’ summary discussions on the second day. Mr. Boericke
recommended that EPA revise the RBMR, removing any indications of abrupt increases in future
levels of PCBs in the water column.

Second, Mr. Boericke addressed the need for more extensive sensitivity analyses for the
HUDTOX model. He noted that the reviewers discussed the need for conducting sensitivity
analyses on the FISHRAND model during the morning session on the second day of the meeting,
and he thought the reviewers should make a similar recommendation for the HUDTOX model.
Mr. Boericke then explained that uncertainty enters model predictions both through the
representations of the underlying physics and through the model input parameters. Mr. Boericke
acknowledged that characterizing the first type of uncertainty is essentially impossible, but he
stressed that sensitivity analyses can assess the second type of uncertainty (i.e., that introduced
through the assumed input parameters). Mr. Boericke concluded by recommending that EPA
fully evaluate how the HUDTOX model predictions vary as a function of “all the major input
assumptions.”

Day #2, Comments from David Adams, Saratoga County Environmental Management Council

Mr. Adams’ comments addressed four topics, all relevant to EPA’s fate and transport models.
First, commenting on the sediment-water mass transfer coefficient, Mr. Adams indicated that the
need for such empirical coefficients is quite common in engineering applications (e.g.,
characterizing heat transfer, using heat transfer coefficients, and representing friction in turbulent
flow). In the case of EPA’s sediment-water mass transfer coefficient, however, Mr. Adams
argued that sufficient data are not available to support the use of this empirical representation.
Given this shortcoming, Mr. Adams recommended that EPA perform additional sensitivity
analyses to determine how the values of the mass transfer coefficient affect forecasting results.
He thought such analyses might address the reviewers’ concerns regarding the forecasting ability
of the models.

Second, Mr. Adams commented briefly on the issue of future abrupt increases in PCB levels in the
Upper Hudson River sediments and water, as predicted by EPA’s models. Mr. Adams said he



Appendix F—Summaries of Observers’ Comments

hoped the peer reviewers would have commented further on this issue, which he considered to be
an artifact of the HUDTOX model. Mr. Adams suggested “that some adjustments be made in the
model to eliminate” the predicted abrupt increases in PCB levels.

Third, Mr. Adams addressed the reviewers’ summary statements regarding charge question 11,
which asked whether an inherent conflict exists between the findings of the RBMR and LRC. Mr.
Adams noted that the peer reviewers’ finding—that the summary statements of the RBMR and
LRC are conceptually not in conflict—does not fully address his and others’ concerns about the
two reports. He acknowledged that “there is no argument that PCBs are moving from the
sediment,” but Mr. Adams explained that the magnitude of the redistribution is of greater concern.
Referring to John Connolly’s comments (as summarized above), Mr. Adams stressed that the
LRC and RBMR report considerably different magnitudes of sediment distribution. Commenting
further on the differences between these reports, Mr. Adams indicated that the LRC (and DEIR)
concluded that sediment “burial is not occurring”—a finding he thought conflicted with the
RBMR’s suggestion that “burial is occurring.” Based on these concerns, Mr. Adams found it
difficult to conclude that these reports are not conflict. Citing his own opinions of the documents’
conclusions, Mr. Adams indicated that the “[HUDTOX] model hindcast is incorrect,” thus
suggesting that the forecast simulations are possibly invalid. Citing further accounts of
inconsistencies among EPA’s reports, Mr. Adams then noted that the Agency’s past work has
identified the “hot spots” in the Upper Hudson River as a major source of PCBs to the water
column. In contrast, he indicated that the HUDTOX model predicts that two-thirds of the PCBs
in the water column originate in non-cohesive sediments and that only one-third of the PCBs in
water originate from cohesive sediments (where “hot spots” are located). Mr. Adams thought
this apportionment of PCBs should be corrected, especially considering that the fraction of PCBs
in cohesive and non-cohesive sediments has implications on EPA’s ultimate remedial decision.
For the various reasons listed above, Mr. Adams concluded that charge question 11 should not be

considered trivial.

Finally, Mr. Adams commented on the peer reviewers’ responses to general question 1, which
addresses the “temporal accuracy” of EPA’s models. Agreeing with the peer reviewers, Mr.
Adams noted that the forecasts involve considerable uncertainty. However, he added that the
utility of EPA’s models is illustrating the sensitivity of certain inputs, particularly the upstream
loads of PCBs at Fort Edward. Noting that model results suggest that future PCB levels are
dependent on the upstream loads, Mr. Adams indicated that a logical action for this site is
controlling the sources of PCBs upstream from Fort Edward.

Day #2, Comments from Ron Sloan, New York State Department of Environmental Conservation
Mr. Sloan’s comments addressed two general data trends among the fish sampling data that has

been collected by the New York State Department of Environmental Conservation (NYSDEC).
Before summarizing these trends, Mr. Sloan explained the history of NYSDEC’s fish sampling
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efforts. He indicated that fish sampling began in the Hudson River in 1977, with one goal being
to characterize long-term trends in contamination. Mr. Sloan added that this sampling focused on
many species, including striped bass in the Lower Hudson River and largemouth bass in the Upper
Hudson River. Mr. Sloan noted that another goal of the sampling was, and continues to be, to
provide data sufficient for developing health advisories.

Mr. Sloan’s first general comment addressed the reviewers’ discussions of the sharp decrease in
PCB concentrations in fish that occurred in the late 1970s. Mr. Sloan indicated several factors he
believed caused this data trend. For instance, Mr. Sloan noted that dredging activities near
Rogers Island and the stabilization of remnant deposits, both of which occurred in the late 1970s,
contributed to the decline in PCBs in fish. However, Mr. Sloan stressed that “the total elimination
of direct discharge of PCBs to the Hudson River in 1976 and 1977” is the critical reason why
PCB levels in fish declined by more than an order of magnitude over that time. Mr. Sloan added
that NYSDEC has observed similar sharp decreases in fish contamination at other sites he has
reviewed (i.e., elimination or reduction of sources of contamination in surface water are followed
by rapid responses in levels of contamination in fish). Consistent with sentiments expressed by
some peer reviewers, Mr. Sloan indicated that he believes the fish are essentially in equilibrium
with the Upper Hudson River system.

Mr. Sloan’s second general comment addressed how PCB concentrations in different species of
Upper Hudson River fish tend to vary with age and gender. In the case of largemouth bass, Mr.
Sloan explained that NYSDEC’s sampling efforts have collected primarily larger fish. He added
that PCB concentrations in largemouth bass tended to be independent of the fish size, though
male fish generally had higher PCB concentrations than female fish. In the cases of carp and
brown bullhead, Mr. Sloan indicated that the available sampling data suggest slight increases in
PCB concentrations with fish size—a trend that is reportedly less pronounced for brown bullhead.
In the case of striped bass, he noted that PCB concentrations are essentially independent of fish
size, though PCB levels in male striped bass are consistently higher than those in females. Finally,
in the case of pumpkinseed, Mr. Sloan indicated that PCB concentration was highly dependent on
fish size. Further, he said the PCB composition in these fish also changes with size: the PCBs in
younger fish being dominated by lower-chlorinated congeners, and the PCBs in older fish being
dominated by higher-chlorinated congeners. Mr. Sloan hypothesized that the shift in PCB
composition might reflect changes in the pumpkinseeds’ diet or possibly changes in their
physiology.

Concluding his remarks, Mr. Sloan reiterated his first key finding: Fish in the Hudson River
generally are in equilibrium with the system.
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Day #2, Comments from Sharon Ruggi, Town Councilwoman of Fort Edward

Ms. Ruggi opened her comments by providing historical perspective on sampling data collected in
the Upper Hudson River. Focusing on the early 1990s, Ms. Ruggi indicated that concentrations
of PCBs in fish and the water column “suddenly spiked for no clear reason,” though these
concentrations had been steadily decreasing since the late 1970s. She then explained that GE
identified the source of the increased PCB levels: the failure of a wooden gate structure in an
abandoned paper mill adjacent to GE’s Hudson Falls plant site. Mr. Ruggi found this incident
extremely important, considering that “most of the data EPA uses in its modeling report” was
collected in 1993, immediately following what she considered a “unique and very rare
occurrence.” Ms. Ruggi noted that, following EPA’s major sampling effort, PCB concentrations
in the Upper Hudson River fish and water decreased to the levels observed prior to the large
release described above. Ms. Ruggi then indicated that EPA claims its models are based on data
collected after 1993—a claim she does not think is true. Rather, Ms. Ruggi indicated that “the
data that EPA’s model is based upon is atypical and significantly misrepresents how the river has
acted in the past and how it will act in the future.”

Ms. Ruggi then discussed what she considered as an inherent conflict between the findings of the
RBMR and the LRC. Specifically, Ms. Ruggi indicated that the LRC concluded that PCBs were
leaving the “hot spots” at “a fairly rapid rate.” In contrast, she noted that the HUDTOX model
“shows burial.” Ms. Ruggi indicated that EPA claims that PCBs are leaving the sediments and
burial occurs, but she considered the two findings contradictory. Ms. Ruggi argued that if PCBs
were truly being removed from the “hot spots” by scour (as the LRC concludes), then PCBs
would have to be found in the water column. She stressed that EPA’s model fails to demonstrate
this phenomenon.

Given these concerns, Ms. Ruggi indicated that EPA needs to answer basic questions about PCBs
in the Upper Hudson River before proceeding with the Reassessment. Her specific questions for
EPA were: “What exactly is happening to the PCBs in the Upper [Hudson] River? Which PCBs
are the PCBs that are available to the fish? How do buried PCBs become available to fish?”
Noting these questions have great implications on EPA’s ultimate remedial decision, Ms. Ruggi
indicated that EPA must answer these questions, drawing from all available data sources, before
starting the Feasibility Study.

Continuing her comparison between EPA’s Phase II reports, Ms. Ruggi indicated that she
believed the conclusions in the RBMR are more technically accurate than those in the LRC.
Expanding on this point, Ms. Ruggi indicated that “burial has been documented to be happening
in the river for some time.” In contrast, she was unaware of any mechanism explaining how
buried PCBs can leave the sediment and enter the water column, especially considering that PCBs
are hydrophobic.
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Ending her remarks, Ms. Ruggi thanked the peer reviewers for their evaluations of the RBMR.
However, given the “limited constraints put upon their review,” Ms. Ruggi concluded that she
remains “deeply concerned about the quality of EPA’s modeling work.”

Day #2, Comments from Marilyn Pulver, Fort Edward Town Supervisor

Ms. Pulver opened her comments by thanking the reviewers for the opportunity to provide
comments. Ms. Pulver then stressed the importance of EPA’s modeling efforts, considering the
potential implications of the modeling results on “very real places,” such as the towns of Fort
Edward and Hudson Falls. Though she acknowledged the limitations of computer models, Ms.
Pulver emphasized that models are the best tools available to inform communities, such as Fort
Edward, of future river conditions. Given the importance of the modeling results, Ms. Pulver
indicated that the model EPA uses to make its remedial decisions must not only be “accurate and
technically feasible,” but it also must be “the best, most state-of-the-art science available today.”

Ms. Pulver then argued that EPA’s model, in its current version, is not “the most advanced model
around.” Ms. Pulver noted that GE has developed its own model of future conditions in the
Upper Hudson River; she added that the GE and EPA models do not always predict the same
outcomes. Ms. Pulver presented examples of the inconsistencies between the models. First, she
indicated that EPA’s model incorporates an “arbitrarily set” increased solids loading at
Schuylerville. Ms. Pulver suggested that reviewers examine whether GE’s model “had the same
difficulty.” Second, Ms. Pulver indicated that sediment mixing depths in EPA’s model have two
different values (one for the Thompson Island Pool and another for downstream locations). She
suggested that the reviewers consider “the factual basis” for EPA’s assumption and consider
whether GE made a similar assumption. Third, Ms. Pulver questioned EPA’s claim that, “by
some unknown mechanism, PCBs are moving from the buried sediment into the surface sediments
and water column.” She hypothesized that boat propellers or some other mechanism might
account for this phenomenon. However, Ms. Pulver argued that movement of PCBs out of the
buried sediments would result in water column PCBs that are relatively dechlorinated—a trend
she did not think was supported by the data. On the other hand, Ms. Pulver wondered what GE’s
model concludes about this type of sediment-water transport.

Ms. Pulver then explained how her concerns are relevant to the peer review process. She
indicated that “this peer review would have been far more complete, if the peer reviewers were
given the opportunity to evaluate GE’s model next to EPA’s model.” Ms. Pulver added that such
a peer review could evaluate and understand the differences between the models, without
necessarily indicating that “one model is better than the other.” She suggested that such a peer
review might result in the use of an entirely new model that draws from the strengths of both
GE’s and EPA’s work. Ms. Pulver supported a more extensive peer review, regardless of
whether it might prolong the Reassessment process or whether it would set a new precedent for
peer reviewing work products at Superfund sites. Her main point was that an extensive peer
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review is necessary because EPA’s ultimate decision will “have such great consequences for the
people of the Upper Hudson River.” Ms. Pulver added that the models need to be accurate such
that everyone is certain that EPA’s final remedial option will reduce levels of contamination in fish
faster than is currently occurring. Ms. Pulver did not think EPA’s model is adequate for making
such a determination.

Finally, Ms. Pulver recommended that the peer reviewers urge ERG, the EPA contractor
implementing the peer review, to “lengthen the time given for the modeling peer review.” She
suggested that additional time is needed to evaluate a more extensive analysis of all scientific
work published on the Upper Hudson River.

Day #2, Comments from Rich Schafo, Scenic Hudson

Mr. Schafo opened his comments by explaining that Scenic Hudson is an environmental
organization that has been involved with the Hudson River site for roughly 20 years. Mr. Schafo
then commented that he thought the true importance of the peer review process is to ensure that
“EPA science, and only EPA science, is credible.” In that regard, he thanked the peer reviewers
for answering the questions posed in the charge. Explaining how the peer review fits into the site
Reassessment, Mr. Schafo then indicated that EPA currently plans to release the site Feasibility
Study in December 2000. Given this tight schedule, Mr. Schafo noted that the Reassessment
needs to move forward with credible science. Mr. Schafo added that the Upper Hudson River
system has already been extensively studied and evaluated “for a great number of years.”

Commenting specifically on the RBMR, Mr. Schafo indicated that he, in agreement with Mr.
Sloan’s comments (as summarized above), believes the sharp decrease in PCB levels in fish in the
late 1970s resulted primarily from “the cessation of point source discharges of PCBs.” Mr.
Schafo then emphasized that current PCB concentrations in fish in the Upper Hudson River,
though much lower than they were previously, are not acceptable. As evidence of this, he
indicated that fish advisories continue to exist throughout the Hudson River, some specifying that
“women of childbearing age and children are not to consume any fish from any location along the
Hudson River.” In addition, Mr. Schoaf noted that research studies continue to show that the
U.S. Food and Drug Administration’s “tolerance level” for PCBs in fish (i.e., 2 ppm) does not
adequately protect human health and the environment. As a result, he indicated that EPA will
eventually need to consider using a lower action level for PCBs when preparing the site’s
Feasibility Study.

In summary, Mr. Schoaf reminded the reviewers of the importance of conducting thorough peer
reviews, but he also emphasized the importance of EPA moving forward with the Reassessment,
according to the project schedule.
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Minutes from the Briefing and Site Visit for the Peer Review of the
Hudson River PCBs Baseline Modeling Report

On January 12-13, 2000, Eastern Research Group, Inc. (ERG), conducted a meeting at
the Holiday Inn Turf Hotel in Albany, New York, to provide independent peer reviewers with
background information on the U.S. Environmental Protection Agency’s (EPA’s) fate and
transport modeling efforts for the Hudson River PCBs Superfund site. Six peer reviewers
attended the meeting; a seventh (Dr. Steve Eisenreich) could not attend, but was given a video
tape of the meeting for his reference. The presentations at the meeting focused on the history of
the Hudson River PCBs site and the technical content of EPA’s “Baseline Modeling Report”
(BMR)—the report that the seven peer reviewers were hired to critique.

ERG facilitated the meeting, which was open to the public. The meeting was attended by
the peer reviewers, representatives of EPA and its contractors, and approximately 25 observers.
The minutes below summarize the presentations made during the meeting. Attachments to these
minutes include (1) the meeting agenda, (2) a list of the peer reviewers, (3) a list of the ERG
onsite staff, (4) a list of EPA and contractor participants, (5) a list of observers at the meeting,
and (6) the charge questions distributed to the peer reviewers.

Ms. Jan Connery (ERG), meeting facilitator, welcome remarks and introduction.
Ms. Jan Connery opened the meeting by welcoming the peer reviewers and observers and
describing the meeting’s purpose: to provide the reviewers background information on the
Hudson River PCBs site aind on the BMR, such that the reviewers understand the site history and
the scope of EPA’s modeling efforts. Ms. Connery stressed that the purpose of the meeting was
not to peer review the BMR, but rather to provide the reviewers context for conducting their
reviews. She indicated that the actual peer review meeting would take place in Saratoga Springs,
New York, on March 27-28, 2000. Ms. Connery then reviewed the agenda for the two-day
meeting, after which the reviewers, representatives from EPA, and representatives from EPA’s
contractors introduced themselves.

Mr. Doug Tomchuk (EPA), site background. Mr. Tomchuk’s presentation reviewed
the history of the Hudson River PCBs site and the timeline of EPA’s involvement with the site.
First, Mr. Tomchuk showed a series of maps and photographs of various sites along the Hudson
River, and he explained the distinction between the Upper Hudson River and the Lower Hudson
River. Mr. Tomchuk then identified the locations of the General Electric facilities that had
discharged PCBs to the Upper Hudson River, after which he indicated locations of the Thompson
Island Pool, the Thompson Island Dam, remnant deposits, and the former Fort Edward Dam. Mr.
Tomchuk gave a brief overview of historical releases of PCBs to the Upper Hudson River as well
as the controls that have been implemented to reduce them. Mr. Tomchuk also reviewed the
current fishing advisories for the Hudson River.

Mr. Tomchuk then gave an overview of EPA’s role in the Hudson River PCBs site. He
reviewed details of EPA’s 1984 Record of Decision, including the “interim No Action” decision
for the contaminated sediments. Mr. Tomchuk explained that EPA decided to reassess this



decision in 1989, at the request of the state of New York. To provide a general overview of the
reassessment, Mr. Tomchuk presented the three principal reassessment questions and how EPA
proposes to address the questions in the three phases of the reassessment. For additional site
history, Mr. Tomchuk briefly listed the available sources of environmental sampling data,
explaining how the scope of, and methods used in, these various sampling studies differed.
Focusing specifically on EPA’s sampling programs, Mr. Tomchuk highlighted the results of the
Agency’s water column, sediment, geophysical, and ecological sampling. He also compared and
contrasted the scope of EPA’s sampling with sampling conducted by other parties, including
General Electric, the New York State Department of Environmental Conservation, the New York
State Department of Health, and others.

According to Mr. Tomchuk, the data collected by the various parties provided the basis
for EPA’s reassessment, which he indicated was being conducted in three phases. Mr. Tomchuk
then listed the different reports EPA had prepared as part of Phase II, including the Baseline
Modeling Report (BMR). He also listed the reports released as part of Phase I and those
scheduled to be released as part of Phase III of the reassessment. Mr. Tomchuk closed his
presentation by describing relevant aspects of the Superfund process, such as EPA’s criteria for
selecting remedies and EPA’s general decision making process at Superfund.

Mr. Doug Tomchuk (EPA), site tour of the Upper Hudson River. Following his
opening presentation, Mr. Tomchuk outlined the itinerary for the site visit of the Upper Hudson
River. Mr. Tomchuk identified six locations that the reviewers would see. Observers were
invited to join the site visit, and several did so. The reviewers, observers, and representatives
from EPA and its contractors then boarded a bus and visited the following six locations along the
Upper Hudson River:

. An observation point adjacent to Bakers Falls and directly across the Hudson River from
GE’s Hudson Falls plant

. An overlook of the Hudson River, near a former outfall from GE’s Fort Edward plant

. An overlook of the Hudson River, directly across from capped remnant deposit #4 and
upstream from the former Fort Edward Dam and Rogers Island

. The northern tip of Rogers Island
. The western wall of the Thompson Island Dam
. Lock #5 on the Hudson River
At every location listed above, Mr. Tomchuk briefly described the surroundings, after -

which he answered reviewers’ questions. The first day of the two-day briefing ended upon the
bus’ return to Saratoga Springs.



Mr. Doug Tomchuk (EPA), findings from previous reports. The second day of the
two-day briefing opened with Mr. Tomchuk reviewing key findings from EPA’s Phase II reports
on the Hudson River PCBs site. This presentation focused on the findings documented in EPA’s
Data Evaluation and Interpretation Report (DEIR) and Low Resolution Sediment Coring Report
(LRC). Mr. Tomchuk listed four major conclusions from these reports and indicated that both
reports have already undergone external peer review, during which the reviewers found the
reports to be acceptable with minor revisions. Finally, Mr. Tomchuk briefly highlighted findings
of the site’s human health and ecological risk assessments. Mr. Tomchuk did not review the
approach and conclusions of EPA’s Baseline Modeling Report, because other presentations
would address this topic.

Mr. Victor Bierman (Limno-Tech, Inc.), fate and transport models. Mr. Bierman
opened his presentation by indicating that the main goal of the baseline modeling was to develop
useful and scientifically credible models that forecast PCB concentrations in the water, sediment,
and fish in the Hudson River. These models, in turn, would be used to complete the risk
assessments and feasibility study for the site. Before discussing details of the models, Mr.
Bierman stressed that the Hudson River has, since 1977, largely been in a “declining phase” with
regards to levels of PCBs in the various media. He then gave a brief overview of the modeling
domain and key sources of data used in the models.

Mr. Bierman described several key aspects of the modeling approach. Specifically, he
explained that: the “model” actually consists of several individual models; the overall model was
calibrated using 21 years of environmental sampling data; the model was validated using a much
smaller set of data; and the model was finally used in forecast simulations. Mr. Bierman added
that the fate and transport modeling focuses largely on the Thompson Island Pool, where data are
most abundant and the highest concentration of PCB “hot spots” exists. He noted that key
outputs from the fate and transport models—surface water and sediment PCB
concentrations—are important inputs to the bioaccumulation models, which predict levels of
PCBs in fish.

Mr. Bierman listed the different models that together comprise EPA’s fate and transport
model for the Upper Hudson River. He briefly reviewed how each model was parameterized,
calibrated, and eventually linked to the other models. Mr. Bierman added that much of the fate
and transport modeling effort focused on simulating concentrations of “Tri+ PCBs,” or the sum of
the concentrations of all PCB congeners having three or more chlorine atoms attached. He then
presented maps to illustrate the spatial scales of the maps. Regarding temporal scales, Mr.
Bierman noted that the model was run in various hindcast applications (for the years 1991 to
1997), in validation simulations (for 1998 only), and for forecast simulations (for the years 1998
to 2067, for a total span of 70 years).

Reviewing the fundamentals of the modeling effort, Mr. Bierman explained that the model
is based primarily on a balance of PCBs, solids, and water in the Upper Hudson River. He
illustrated these fundamentals by showing a schematic of the modeling framework, which also
indicated how the various models are linked. The schematic showed that the modeling considers
equilibrium partitioning, volatilization, and sediment-water mass transfer, among other



mechanisms. Mr. Bierman acknowledged that the model currently predicts sediment-water mass
transport to be one of the most important processes affecting PCBs in the Upper Hudson River.
For insight into key factors addressed in the models, Mr. Bierman then reviewed how sampling
data characterize the river’s hydrology, solids loadings, PCB loadings, and sediment-water mass
transfer.

Providing specific information on the modeling approach, Mr. Bierman summarized how
the model was calibrated, used for hindcast simulations, validated, and ultimately used for forecast
simulations. Details on these topics follow:

. Model calibration. Mr. Bierman listed the model calibration parameters and described
how they were constrained. He then described how these parameters were calibrated and
presented some results of the model calibration. Mr. Bierman stressed that the model
calibration exercise revealed that a large portion of PCBs in water are detected during
low-flow conditions, when sediment resuspension is not expected to be a major driving
force. He added that the model calibration adequately captured seasonal variations in
PCB levels in the water column.

. Hindcast application. Mr. Bierman presented results for several hindcast applications of
the fate and transport models. He explained that these hindcasts were performed for
selected PCB congeners as a means for testing the model calibration (i.e., to assess
whether the model calibration for Tri+ PCBs could be used to simulate conditions for
specific congeners). Mr. Bierman showed several slides reviewing the model performance
in the hindcast application, which indicated that the models performed better for some
congeners than others.

. Data validation. Mr. Bierman indicated that an important test of model performance was
to validate forecasting results against water column sampling data collected by General
Electric in 1998. He showed several figures from the Revised Baseline Modeling Report
illustrating the results of the model validation.

. Forecast simulations. Reviewing the main findings of the fate and transport modeling,
Mr. Bierman used a series of figures to show model predictions in the years 1998 to 2067.
He first explained the assumed boundary conditions (e.g., upstream PCB loads,
hydrographs, initial sediment conditions) that were programmed into the model. After
which, Mr. Bierman showed several graphs indicating how PCB levels in surface water
and sediment were predicted to change with time over the forecast period. Mr. Bierman
provided additional detail on certain modeling results, such as predicted abrupt increases
in future surface sediment PCB concentrations and the impacts of the upstream PCB load
and of 100-year floods on the recovery of the system.

Mr. Bierman closed his presentation by reviewing the main conclusions documented in the
Baseline Modeling Report and by answering numerous questions of clarification asked by the
reviewers.



Ms. Katherine von Stackelberg (Menzie-Cura & Associates, Inc.), bioaccumulation
models. Ms. von Stackelberg’s presentation addressed the three bioaccumulation models used to
evaluate levels of PCBs in fish in the Hudson River. For background information, Ms. von
Stackelberg first listed the models, described their utility, and indicated how they were used in the
modeling effort:

. Bivariate statistical model. Ms. von Stackelberg indicated that the bivariate statistical
model is an entirely data-driven evaluation of bioaccumulation, without any consideration
of underlying biological mechanisms. She added that this model evaluates the influence
that PCB concentrations in sediment and the water column appear to have on PCB levels
in various fish species. Ms. von Stackelberg acknowledged that this model has limited
utility for forecasting, because the model is derived from current and past PCB levels in
the various media, which are expected to be higher than future PCB levels in these media.

. Empirical probabilistic model. Ms. von Stackelberg explained that the empirical
probabilistic model uses information on feeding relationships among various species of
forage fish to estimate links between PCB levels in biota and in water and sediments.
According to Ms. von Stackelberg, application of the empirical probabilistic model (like
the bivariate statistical model) to future conditions should be viewed with caution, given
that the model’s empirical parameters were derived largely from a time frame of elevated
PCB contamination. '

. FISHRAND model. Ms. von Stackelberg indicated that the FISHRAND model, by virtue
of being mechanistic, is the model best suited for forecasting future PCB levels in fish.
She noted that the FISHRAND model is based on work previously published by Frank
Gobas, except for the fact that the FISHRAND model allows for input distributions rather
than requiring fixed input parameters. The input distributions, according to Ms. von
Stackelberg, were calibrated using a Bayesian updating procedure.

Commenting more generally on the modeling approach, Ms. von Stackelberg indicated
important considerations for the bioaccumulation models. First, she noted that modeling was
performed for three distinct reaches of the Upper Hudson River: for the Thompson Island Pool,
for the “Stillwater reach”, and for the “Waterford reach.” Ms. von Stackelberg used maps to
indicate the locations of these reaches with respect to the General Electric facilities. Second, Ms.
von Stackelberg reiterated that the modeling focuses exclusively on Tri+ PCBs, which she noted
was a close approximation to total PCBs. Ms. von Stackelberg referred to text in the Baseline
Modeling Report for further justification of modeling only for this form of PCBs. Third, Ms. von
Stackelberg reviewed other assumptions and inputs to the modeling effort.

Focusing on the specific application of the FISHRAND model, Ms. von Stackelberg
reviewed the Bayesian calibration procedure, presented results of this calibration, and showed
figures illustrating the calibrated model’s performance. When commenting on these topics, Ms.
von Stackelberg listed the parameters selected for calibration and indicated that calibrations were
run separately for different reaches of the Upper Hudson River. She then presented key results of
the forecast simulations, stressing that asymptotic limits of PCBs in fish depend on several factors,



such as fish species, river stretch, and the upstream PCB load boundary condition. After
presenting these and other key results, Ms. von Stackelberg answered several questions asked by
the reviewers.

Mr. Damien Hughes (EPA), overview of the charge to the reviewers. Mr. Damien
Hughes stepped through the charge to the reviewers, a copy of which is included in the
Attachments to these minutes. Mr. Hughes explained the purpose of the peer review and the
charge to the reviewers. During his presentation, Mr. Hughes reviewed every question in the
charge and answered several of the reviewers’ questions regarding the charge. These questions
addressed the meaning of “temporal accuracy” (General Question 1 in the charge), the meaning of
“calibration targets” (Question 4, pertaining to fate and transport models), and whether EPA
intends to collect more data as part of the reassessment. Mr. Hughes asked that the reviewers
direct any questions they have over the course of the peer review regarding the charge or the
modeling documents to ERG.

Attachments:

. Meeting agenda

. Peer reviewers

. EPA and contractor participants
. Observers

. Charge to the reviewers
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Peer Review 3

Charge for Peer Review 3

This is the third in a series of four peer reviews being conducted on scientific work products
prepared for the Reassessment Remedial Investigation and Feasibility Study (Reassessment) for
the Hudson River PCBs site. Previous peer reviews were conducted on the modeling approach
and the Data Evaluation and Interpretation Report and Low Resolution Sediment Coring Report.
Subsequent to this peer review the Human Health and Ecological Risk Assessments will be peer
reviewed.

Members of this peer review are asked to determine whether the baseline modeling effort
presented in the Revised Baseline Modeling Report (Revised BMR) is credible and whether the
conclusions of the Revised BMR are valid. The reviewers are asked to determine whether the
modeling work is technically adequate, competently performed, properly documented, satisfies
established quality requirements, and yields scientifically credible conclusions. The peer reviewers
are not being asked whether they would have conducted the work in a similar manner. In
addition, the reviewers are asked to determine whether the models and the associated findings are
appropriate to help answer the following three principal study questions that EPA will consider in
its decision-making process for the site:

1. When will PCB levels in fish meet human health and ecological risk criteria under
continued No Action?

2. Can remedies other than No Action significantly shorten the time required to achieve
acceptable risk levels? @

3. Could a flood scour sediments, exposing and redistributing buried contamination?

) Appropriate levels to meet human health and ecological risk criteria will be evaluated in the upcoming
Feasibility Study.

@ The Revised BMR represents a baseline modeling effort, and therefore does not include an evaluation
of potential remedial scenarios. The modeling work presented in the Revised BMR will be used to
develop potential remedial options in the Feasibility Study for the Reassessment.



The following documents will be provided to the peer reviewers:

Primary

Revised Baseline Modeling Report (Jan. 2000)

Responsiveness Summary to the Baseline Modeling Report (Jan. 2000)
Reference

Baseline Modeling Report (May 1999)

QEA/GE - PCBs in the Upper Hudson River (May 1999, amended July 1999)
Suggested charge questions from the public (Dec. 1999)

Hudson River Reassessment Database (August 1998)

Executive Summaries for other EPA Reassessment Reports

Peer Review Reports from first two peer reviews

The peer reviewers should base their assessments primarily on the Revised BMR, and on EPA’s
Responsiveness Summary for the Baseline Modeling Report, in which EPA responded to
significant public comments received by the Agency on the May 1999 Baseline Modeling Report.
These two documents are currently in preparation, and will be issued to the peer reviewers by the
end of January 2000. The reference documents listed above are being provided to the reviewers
as background information, and may be read at the discretion of the reviewers, as time allows,
although the reviewers are not being asked to conduct a review of any of the background
information. It should be noted that the Revised BMR to be issued in January 2000 will
supercede the May 1999 Baseline Modeling Report.

For additional background information, please visit USEPA’s web site on the Hudson River PCBs
site, www.epa.gov/hudson:

Specific Questions
Fate and Transport (HUDTOX)

1. The HUDTOX model links components describing the mass balance of water, sediment,
and PCBs in the Upper Hudson. Are the process representations of these three
components compatible with one another, and appropriate and sufficient to help address
the principal study questions?

2. The HUDTOX representation of the solids mass balance is derived from several sources,
including long-term monitoring of tributary solids loads, short-term solids studies and the
results of GE/QEA’s SEDZL model. The finding of the solids balance for the Thompson
Island Pool is that this reach is net depositional from 1977 to 1997. This finding has also
been assumed to apply to the reaches below the Thompson Island Dam. Is this
assumption reasonable? Are the burial rates utilized appropriate and supported by the
data? Is the solids balance for the Upper Hudson sufficiently constrained for the purposes
of the Reassessment?

3. HUDTOX represents the Upper Hudson River by segments of approximately 1000 meters
in length in the Thompson Island Pool, and by segments averaging over 4000 meters
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(ranging from 1087 to 6597 meters) below the Thompson Island Dam. Is this spatial
resolution appropriate given the available data? How does the spatial resolution of the
model affect the quality of model predictions?

Is the model calibration adequate? Does the model do a reasonable job in reproducing the
data during the hindcast (calibration) runs? Are the calibration targets appropriate for the
purposes of the study?

HUDTOX employs an empirical sediment/water transfer coefficient to account for PCBs
loads that are otherwise not addressed by any of the mechanisms in the model. Is the
approach taken reasonable for model calibration? Comment on how this affects the
uncertainty of forecast simulations, given that almost half of the PCB load to the water
column may be attributable to this empirical coefficient.

Are there factors not explicitly accounted for (e.g., bank erosion, scour by ice or other
debris, temperature gradients between the water column and sediments, etc.) that have the
potential to change conclusions drawn from the models?

Using the model in a forecast mode requires a number of assumptions regarding future
flows, sediment loads, and upstream boundary concentrations of PCBs. Are the
assumptions for the forecast reasonable? Is the construct of the hydrograph for forecast
predictions reasonable? Should such a hydrograph include larger events?

The 70-year model forecasts show substantial increases in PCB concentrations in surface
sediments (top 4 cm) after several decades at some locations. These in turn lead to
temporary increases in water-column PCB concentrations. The increases are due to
relatively small amounts of predicted annual scour in specific model segments, and it is
believed that these represent a real potential for scour to uncover peak PCB
concentrations that are located from 4 to 10 cm below the initial sediment-water interface.
Is this a reasonable conclusion in a system that is considered net depositional? After
observing these results, the magnitude of the increases was reduced by using the 1991 GE
sediment data for initial conditions for forecast runs. Is this appropriate? How do the
peaks affect the ability of the models to help answer the Reassessment study questions?

The timing of the long-term model response is dependent upon the rate of net deposition
in cohesive and non-cohesive sediments, the rate and depth of vertical mixing in the
cohesive and non-cohesive sediments and the empirical sediment-water exchange rate
coefficient. Are these rates and coefficients sufficiently constrained for the purposes of the
Reassessment?

The HUDTOX model uses three-phase equilibrium partitioning to describe the
environmental behavior of PCBs. Is this representation appropriate? (Note that in a
previous peer review on the Data Evaluation and Interpretation Report and the Low
Resolution Sediment Coring Report, the panel found that the data are insufficient to
adequately estimate three-phase partition coefficients.)
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12.

HUDTOX considers the Thompson Island Pool to be net depositional, which suggests
that burial would sequester PCBs in the sediment. However, the geochemical
investigations in the Low Resolution Sediment Coring Report (LRC) found that there was
redistribution of PCBs out of the most highly contaminated areas (PCB inventories
generally greater than 10 g/m?) in the Thompson Island Pool. Comment on whether these
results suggest an inherent conflict between the modeling and the LRC conclusions, or
whether the differences are attributable to the respective spatial scales of the two analyses.

The model forecasts that a 100-year flood event will not have a major impact on the long-
term trends in PCB exposure concentrations in the Upper Hudson. Is this conclusion
adequately supported by the modeling?

Bioaccumulation Models

1.

Does the FISHRAND model capture important processes to reasonably predict long term
trends in fish body burdens in response to changes in sediment and water exposure
concentrations? Are the assumptions of input distributions incorporated in the
FISHRAND model reasonable? Are the spatial and temporal scales adequate to help
address the principal study questions?

Was the FISHRAND calibration procedure appropriately conducted? Are the calibration
targets appropriate to the purposes of the study?

In addition to providing results for FISHRAND, the Revised BMR provides results for
two simpler analyses of bioaccumulation (a bivariate BAF model and an empirical
probabilistic food chain model). Do the results of these models support or conflict with
the FISHRAND results? Would any discrepancies among the three models suggest that
there may be potential problems with the FISHRAND results, or inversely, that the more
mechanistic model is taking into account variables that the empirical models do not?

Sediment exposure was estimated assuming that fish spend 75% of the time exposed to
cohesive sediment and 25% to non-cohesive sediment for the duration of the hindcasting
period. The FISHRAND model was calibrated by optimizing three key parameters and
assuming the sediment and water exposure concentrations as given, rather than calibrating
the model on the basis of what sediment averaging would have been required to optimize
the fit between predicted and observed. Is the estimate of sediment exposures reasonable?

The FISHRAND model focuses on the fish populations of interest (e.g., adult largemouth
bass, juvenile pumpkinseed, etc.) which encompass several age-classes but for which key
assumptions are the same (e.g., all largemouth bass above a certain age will display the
same foraging behavior). This was done primarily because it reflects the fish data available
for the site. Is this a reasonable approach?



General Questions

1.

What is the level of temporal accuracy that can be achieved by the models in predicting the
time required for average tissue concentrations in a given species and river reach to
recover to a specified value?

How well have the uncertainties in the models been addressed? How important are the
model uncertainties to the ability of the models to help answer the principal study
questions? How important are the model uncertainties to the use of model outputs as
inputs to the human health and ecological risk assessments?

It is easy to get caught up with modeling details and miss the overall message of the
models. Do you believe that the report appropriately captures the “big picture” from the
information synthesized and generated by the models?

Please provide any other comments or concerns with the Revised Baseline Modeling
Report not covered by the charge questions, above.

Recommendations

Based on your review of the information provided, please identify and submit an explanation
of your overall recommendation for each (separately) the fate and transport and
bioaccumulation models.

1. Acceptable as is

2. Acceptable with minor revision (as indicated)
3. Acceptable with major revision (as outlined)
4. Not acceptable (under any circumstance)




